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(54) OPTICAL DISK DEVICE AND ITS CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical disk 
device that can accurately detect the tilt of the recording 
face of an optical disk with respective to the optical axis 
of a light beam through reproducing signals using an 
optical pickup, without installing a special detector like a 
tilt sensor, and that can control such tilt of the recording 
face at an optimum angle. 

SOLUTION: The optical disk device is provided with a 
measuring means 20 that measures the amplitude of 
reproducing signals while a relative tilt (tilt quantity) of 
the recording face of an optical disk 1 to a light beam is 
varied at a prescribed step angle centering around a 
reference angle, a calculating means that approximates 
the relation between the tilt quantity and the amplitude of 
the reproducing signals to a secondary function by the method of least square to obtain, as 
the calculation result, the optimum tilt quantity maximizing the amplitude of the reproducing 
signals, and a means that discriminates the calculation result as normal/abnormal. If the 
calculation result is abnormal, the reference angle is shifted by prescribed steps, and 
resetting, remeasurement and recalculation are performed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the tilt control which controls the relative inclination of 
especially the recording surface of an optical disk and a light beam about the optical disk unit which 
irradiates a light beam and performs informational record and playback to an optical disk, and its control 
approach. 
[0002] 

[Description of the Prior Art] The means which carries out record playback of the mass data takes in 
recent years, and the optical disk unit which can be recorded or reproduced with higher recording 
density is demanded. In order to realize the optical disk unit of high density record, it is necessary to 
control the inclination (the amount of tilts) of the recording surface of an optical disk to the optical axis 
of a light beam at the optimal include angle. When the inclination (the amount of tilts) of the recording 
surface of an optical disk to the optical axis of a light beam is not maintained at the optimal include 
angle, it is difficult to read correctly the data which the optical spot at the time of converging a light 
beam had aberration in the optical disk, and were recorded on high density, or to record a quality signal 
by high density. However, since the substrate of an optical disk generally fabricates a resin ingredient 
and is constituted, it produces curvature according to the strain at the time of shaping, a state of 
preservation, etc. in many cases. Some approaches are proposed from the former as an approach of 
controlling the inclination (the amount of tilts) of the optical axis of a light beam to the recording surface 
. of an optical disk which has such curvature. 

[0003] For example, in JP,2-72414,U, JP,7-272300,A, JP,10-308023,A, etc., the so-called tilt sensor 
which consisted of photo detectors used as the light emitting device 2 ****s is formed on an optical 
head, this tilt sensor detects the relative inclination of the recording surface of an optical head and an 
optical disk, and the equipment which controls the inclination of the recording surface of an optical disk 
to the optical axis of a light beam is proposed, leaning the optical whole head with a drive based on the 
detecting signal of a tilt sensor. Moreover, a tilt sensor is fixed and formed not on an optical head but on 
a chassis, and the equipment which amends the amount of tilts in quest of the curvature of an optical 
disk from the signal detected by these is indicated by JP,10-812564,A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the conventional configuration, in order to 
detect the inclination of the recording surface of an optical disk to the optical axis of a light beam, the 
tilt sensor of its dedication was used. Therefore, while the tooth space for arranging a tilt sensor was 
needed, the cost rise which doubled not only a sensor simple substance but the circuit for a drive and the 
circuit for detection was caused. Moreover, since it is not what detects the relative inclination of the 
optical axis of a light beam, and the recording surface of an optical disk itself depending on a tilt sensor, 
the tuning for doubling the detection zero include angle of a tilt sensor and the inclination of the optical 
axis of a light beam is needed. Since it was difficult to make in agreement the location where a tilt 
sensor furthermore detects an inclination, and the location of an optical spot, the inclination of the 



recording surface of the optical disk in the location of an optical spot could not be detected, either, but 
the detection error had arisen. 

[0005] This invention aims at offering the optical disk unit which can detect correctly using the 
regenerative signal which read the inclination of the recording surface of an optical disk to the optical 
axis of a light beam by optical pickup, and can control the inclination of the recording surface of an 
optical disk to the optical axis of a light beam at the optimal include angle, without being made in view 
of the above-mentioned technical problem, and forming special detection equipments, such as a tilt 
sensor. 
[0006] 

[Means for Solving the Problem] In order to solve the aforementioned trouble, this invention has the 
following configurations. The optical pickup which the 1st configuration of this invention converges and 
irradiates a light beam at the optical disk which has the truck formed in the shape of a spiral, and 
concentric circular, and performs record or playback of a signal, The photodetector which receives the 
reflected light from said optical disk, the recording surface of said optical disk, and the regenerative- 
signal processing section which generates the signal which changes according to the amount of tilts 
which is the relative inclination of said light beam using the output signal of said photodetector, The tilt 
setting signal generation section which carries out the sequential output of the command signal which 
sets said amount of tilts as the value from which plurality differs in the 1st mode, and sets said amount 
of tilts as the optimal tilt value in the 2nd mode, The tilt drive which carries out adjustable [ of said 
amount of tilts ] according to the output signal of said tilt setting signal generation section, The 
regenerative-signal measurement section which measures the output value of said regenerative-signal 
processing section when driving said tilt drive based on said command signal, and carrying out 
sequential change of said amount of tilts, It is the optical disk unit characterized by providing the 
amount operation part of optimal tilts which computes said optimal tilt value based on said amount of 
tilts changed with said command signal, and the measurement value of said regenerative-signal 
measurement section. 

[0007] Moreover, the optical pickup which the 16th configuration of this invention converges and 
irradiates a light beam at the optical disk which has the truck formed in the shape of a spiral, and 
concentric circular, and performs record or playback of a signal, The photodetector which receives the 
reflected light from said optical disk, the recording surface of said optical disk, and the regenerative- 
signal processing section which generates the signal which changes according to the amount of tilts 
which is the relative inclination of said light beam using the output signal of said photodetector, The 
regenerative-signal measurement section which measures the output value of said regenerative-signal 
processing section, and the tilt drive which carries out adjustable [ of said amount of tilts ], Are the 
control approach of the optical disk unit to provide, and the sequential output of the command signal 
which sets said amount of tilts as the value from which plurality differs is carried out. According to said 
command signal, drive said tilt drive, and sequential change of said amount of tilts is carried out. The 
output signal of said regenerative-signal processing section when carrying out sequential change of said 
amount of tilts is measured. The amount detection step of optimal tilts which computes the optimal tilt 
value based on said amount of tilts changed with said command signal, and the measurement value of 
said regenerative-signal measurement section, It is the control approach of the optical disk unit 
characterized by having the amount setting step of optimal tilts which sets said amount of tilts as said 
optimal tilt value. Without forming special detection equipments, such as a tilt sensor, the regenerative 
signal by the optical head can detect correctly the inclination of the recording surface of an optical disk 
to the optical axis of a light beam, and the inclination of the recording surface of an optical disk to the 
optical axis of a light beam can be controlled at the optimal include angle. 

[0008] The optical pickup which the 2nd configuration of this invention converges and irradiates a light 
beam at the optical disk which has the truck formed in the shape of a spiral, and concentric circular, and 
performs record or playback of a signal, The photodetector which receives the reflected light from said 
optical disk, the recording surface of said optical disk, and the regenerative-signal processing section 
which generates the signal which changes according to the amount of tilts which is the relative 



inclination of said light beam using the output signal of said photodetector, The tilt setting signal 
generation section which carries out the sequential output of the command signal which sets said amount 
of tilts as the value from which plurality differs in the 1st mode, and sets said amount of tilts as the 
optimal tilt value in the 2nd mode, The tilt drive which carries out adjustable [ of said amount of tilts ] 
according to the output signal of said tilt setting signal generation section, The regenerative-signal 
measurement section which measures the output value of said regenerative-signal processing section 
when driving said tilt drive based on said command signal, and carrying out sequential change of said 
amount of tilts, It is the optical disk unit characterized by providing the amount operation part of optimal 
tilts which approximates the relation between said amount of tilts changed with said command signal, 
and the measurement value of said regenerative-signal measurement section to a predetermined function 
with the least square method, and computes said optimal tilt value based on said function. 
[0009] Moreover, the 17th configuration of this invention is the control approach of the optical disk unit 
the 16th configuration of that it is characterized by approximating the relation between said amount of 
tilts changed with said command signal and the measurement value of said regenerative-signal 
measurement section to a predetermined function with the least square method, and computing said 
optimal tilt value based on said function in said amount detection step of optimal tilts. Thereby, the 
exact optimal tilt value can be calculated based on the measured value of the slight number. The exact 
optimal tilt value can be calculated by the small count circuit or short computation time. 
[0010] Said optimal tilt value computed by said amount operation part of optimal tilts the 3rd 
configuration of this invention It judges whether it is over the operation threshold value defined 
according to the command signal of said tilt setting signal generation section. The tilt value to which the 
command signal of said tilt setting signal generation section is set by it when said optimal tilt value is 
over said operation threshold value of the forward direction resets so that only the specified quantity 
may change in the forward direction. The tilt value to which the command signal of said tilt setting 
signal generation section is set by it when said optimal tilt value is over said operation threshold value of 
the negative direction resets so that only the specified quantity may change in the negative direction. 
The result-of-an-operation judging section which said optimal tilt value makes set said optimal tilt value 
as said tilt setting signal generation section when said operation threshold value has not exceeded is 
provided further. When said optimal tilt value computed by said amount operation part of optimal tilts is 
over said operation threshold value of the forward direction or the negative direction Said tilt setting 
signal generation section outputs said command signal which reset, and said regenerative-signal 
measurement section re-measures the output value of said regenerative-signal processing section when 
carrying out sequential change of said amount of tilts according to said command signal which it reset. 
And said amount operation part of optimal tilts is the optical disk unit of the 1st characterized by re- 
computing said optimal tilt value, or the configuration of two. 

[001 1] The 1 8th configuration of this invention is set to said amount detection step of optimal tilts. 
When it judges whether it is over the operation threshold value as which said optimal tilt value is 
determined according to said command signal and said optimal tilt value is over said operation threshold 
value of the forward direction The tilt value to which said command signal is set by it resets so that only 
the specified quantity may change in the forward direction. When said amount detection step of optimal 
tilts is rerun and said optimal tilt value is over said operation threshold value of the negative direction 
The tilt value to which said command signal is set by it resets so that only the specified quantity may 
change in the negative direction. It is the 16th characterized by what said amount detection step of 
optimal tilts is rerun, and said optimal tilt value performs the amount setting step of optimal tilts for 
when said operation threshold value has not exceeded, or the control approach of the optical disk unit of 
the configuration of 17. It has a means to judge the right or wrong of the optimal tilt value, when the , 
optimal tilt values are abnormalities, only a predetermined step can shift and reset a criteria include 
angle, re-measurement and a re-operation can be performed, and the exact optimal tilt value can be 
calculated. 

[0012] Y is expressed with the secondary function of X when the 4th configuration of this invention sets 
the measurement value of X and said regenerative-signal measurement section to Y for said amount of 



tilts. Said amount operation part of optimal tilts Compute said amount of tilts from which said Y 
becomes extremal value as an optimal tilt value, and the secondary multiplier of said secondary function 
performs forward or a negative judgment. In a forward case, the tilt value to which the command signal 
of said tilt setting signal generation section is set by it resets so that only the specified quantity may 
change. Have further the result-of-an-operation judging section which makes said tilt setting signal 
generation section set up said optimal tilt value in a negative case, and when the secondary multiplier of 
said secondary function is forward Said tilt setting signal generation section outputs said command 
signal which reset, and said regenerative-signal measurement section re-measures the output value of 
said regenerative-signal processing section when carrying out sequential change of said amount of tilts 
according to said command signal which it reset. And said amount operation part of optimal tilts is the 
optical disk unit of the 1st characterized by what said optimal tilt value is re-computed for, or the 
configuration of two. 

[0013] The 19th configuration of this invention is set to said amount detection step of optimal tilts. Y is 
expressed with the secondary function of X when the measurement value of X and said regenerative- 
signal measurement section is set to Y for said amount of tilts. Compute said amount of tilts from which 
said Y becomes extremal value as an optimal tilt value, and the secondary multiplier of said secondary 
function performs forward or a negative judgment. The tilt value to which said command signal is set by 
it when the secondary multiplier of said secondary function is forward resets so that only the specified 
quantity may change. It is the 16th characterized by what said amount detection step of optimal tilts is 
rerun, and the amount setting step of optimal tilts is performed for when the secondary multiplier of said 
secondary function is negative, or the control approach of the optical disk unit of the configuration of 
17. It has a means to judge the right or wrong of the optimal tilt value, when the optimal tilt values are 
abnormalities, only a predetermined step can shift and reset a criteria include angle, re-measurement and 
a re-operation can be performed, and the exact optimal tilt value from which regenerative signals, such 
as a RJF signal, serve as max can be calculated. 

[0014] Y is expressed with the secondary function of X when the 5th configuration of this invention sets 
the measurement value of X and said regenerative-signal measurement section to Y for said amount of 
tilts. Said amount operation part of optimal tilts Compute said amount of tilts from which said Y 
becomes extremal value as an optimal tilt value, and the secondary multiplier of said secondary function 
performs forward or a negative judgment. In a negative case, the tilt value to which the command signal 
of said tilt setting signal generation section is set by it resets so that only the specified quantity may 
change. Have further the result-of-an-operation judging section which makes said tilt setting signal 
generation section set up said optimal tilt value in a forward case, and when the secondary multiplier of 
said secondary function is negative Said tilt setting signal generation section outputs said command 
signal which reset, and said regenerative-signal measurement section re-measures the output value of 
said regenerative-signal processing section when carrying out sequential change of said amount of tilts 
according to said command signal which it reset. And said amount operation part of optimal tilts is the 
optical disk unit of the 1st characterized by what said optimal tilt value is re-computed for, or the 
configuration of two. 

[0015] The 20th configuration of this invention is set to said amount detection step of optimal tilts. Y is 
expressed with the secondary function of X when the measurement value of X and said regenerative- 
signal measurement section is set to Y for said amount of tilts. Compute said amount of tilts from which 
said Y becomes extremal value as an optimal tilt value, and the secondary multiplier of said secondary 
function performs forward or a negative judgment. The tilt value to which said command signal is set by 
it when the secondary multiplier of said secondary function is negative resets so that only the specified 
quantity may change. It is the 16th characterized by what said amount detection step of optimal tilts is 
rerun, and the amount setting step of optimal tilts is performed for when the secondary multiplier of said 
secondary function is forward, or the control approach of the optical disk unit of the configuration of 17. 
Even when the amount of curvatures of an optical disk is extremely large and the grace of a regenerative 
signal falls remarkably, it is possible to detect correctly the amount of optimal tilts from which a jitter 
value etc. serves as min, and to control the amount of tilts with a precision sufficient at the optimal 



include angle. 

[0016] The 6th configuration of this invention said result-of-an-operation judging section It judges 
whether while the secondary multiplier of said secondary function judges forward or negative, said 
optimal tilt value is located in the forward direction on the basis of the criteria include angle which is the 
central value of two or more of said amounts of tilts set up by said command signal, or it is located in 
the negative direction. When said secondary multiplier is negative, said optimal tilt value is made to set 
it as said tilt setting signal generation section. The tilt value to which said secondary multiplier is 
forward, and the command signal of said tilt setting signal generation section is set by it when said 
optimal tilt value is located in the forward direction on the basis of said criteria include angle resets so 
that only the specified quantity may change in the negative direction. When said secondary multiplier is 
forward and said optimal tilt value is located in the negative direction on the basis of said criteria include 
angle, the command signal of said tilt setting signal generation section by it The tilt value defined is the 
optical disk unit of the 4th configuration of that it is characterized by resetting so that only the specified 
quantity may change in the forward direction. It has a means to judge the right or wrong of the optimal 
tilt value, when the optimal tilt values are abnormalities, only a predetermined step can shift and reset a 
criteria include angle, re-measurement and a re-operation can be performed, and the exact optimal tilt 
value from which regenerative signals, such as a RF signal, serve as max can be calculated. 
[0017] The 7th configuration of this invention said result-of-an-operation judging section It judges 
whether while the secondary multiplier of said secondary function judges forward or negative, said 
optimal tilt value is located in the forward direction on the basis of the criteria include angle which is the 
central value of two or more of said amounts of tilts set up by said command signal, or it is located in 
the negative direction. When said secondary multiplier is forward, said optimal tilt value is made to set it 
as said tilt setting signal generation section. The tilt value to which said secondary multiplier is negative, 
and the command signal of said tilt setting signal generation section is set by it when said optimal tilt 
value is located in the forward direction on the basis of said criteria include angle resets so that only the 
specified quantity may change in the negative direction. When said secondary multiplier is negative and 
said optimal tilt value is located in the negative direction on the basis of said criteria include angle, the 
command signal of said tilt setting signal generation section by it The tilt value defined is the optical 
disk unit of the 5th configuration of that it is characterized by resetting so that only the specified 
quantity may change in the forward direction. Even when the amount of curvatures of an optical disk is 
extremely large and the grace of a regenerative signal falls remarkably, it is possible to detect correctly 
the amount of optimal tilts from which a jitter value etc. serves as min, and to control the amount of tilts 
with a precision sufficient at the optimal include angle. 

[0018] The 8th configuration of this invention said result-of-an-operation judging section It is based on 
the criteria include angle which is the central value of two or more of said amounts of tilts set up by said 
command signal while the secondary multiplier of said secondary function judges forward or negative. 
The forward side average which is the average of said measurement value measured when said amount 
of tilts set up by said command signal was located in the forward direction to said criteria include angle, 
Size relation with the negative side average which is the average of said measurement value measured 
when said amount of tilts set up by said command signal was located in the negative direction to said 
criteria include angle is compared. The tilt value to which said secondary multiplier is forward, and the 
command signal of said tilt setting signal generation section is set by it when said forward side average 
value is larger than said negative side average value resets so that only the specified quantity may 
change in the forward direction. The tilt value to which said secondary multiplier is forward, and the 
command signal of said tilt setting signal generation section is set by it when said negative side average 
value is larger than said forward side average value resets so that only the specified quantity may change 
in the negative direction. When said secondary multiplier is negative, it is the optical disk unit of the 4th 
configuration of that said optimal tilt value is made to set it as said tilt setting signal generation section, 
and it is characterized by things. It has a means to judge the right or wrong of the optimal tilt value, 
when the optimal tilt values are abnormalities, only a predetermined step can shift and reset a criteria 
include angle, re-measurement and a re-operation can be performed, and the exact optimal tilt value 



from which regenerative signals, such as a RF signal, serve as max can be calculated. 
[0019] The 9th configuration of this invention said result-of-an-operation judging section It is based on 
the criteria include angle which is the central value of two or more of said amounts of tilts set up by said 
command signal while the secondary multiplier of said secondary function judges forward or negative. 
The forward side average which is the average of said measurement value measured when said amount 
of tilts set up by said command signal was located in the forward direction to said criteria include angle, 
Size relation with the negative side average which is the average of said measurement value measured 
when said amount of tilts set up by said command signal was located in the negative direction to said 
criteria include angle is compared. The tilt value to which said secondary multiplier is negative, and the 
command signal of said tilt setting signal generation section is set by it when said forward side average 
value is larger than said negative side average value resets so that only the specified quantity may 
change in the negative direction. The tilt value to which said secondary multiplier is negative, and the 
command signal of said tilt setting signal generation section is set by it when said negative side average 
value is larger than said forward side average value resets so that only the specified quantity may change 
in the forward direction. When said secondary multiplier is forward, it is the optical disk unit of the 5th 
configuration of that said optimal tilt value is made to set it as said tilt setting signal generation section, 
and it is characterized by things. Even when the amount of curvatures of an optical disk is extremely 
large and the grace of a regenerative signal falls remarkably, it is possible to detect correctly the amount 
of optimal tilts from which a jitter value etc. serves as min, and to control the amount of tilts with a 
precision sufficient at the optimal include angle. 

[0020] The 10th configuration of this invention said result-of-an-operation judging section It is based on 
the criteria include angle which is the central value of two or more of said amounts of tilts set up by said 
command signal while the secondary multiplier of said secondary function judges forward or negative. 
The forward side average which is the average of said measurement value measured when said amount 
of tilts set up by said command signal was located in the forward direction to said criteria include angle, 
Size relation with the negative side average which is the average of said measurement value measured 
when said amount of tilts set up by said command signal was located in the negative direction to said 
criteria include angle is compared. Said optimal tilt value computed by said amount operation part of 
optimal tilts receives said criteria include angle. By being located in the forward direction, when said 
negative side average is larger than said forward side average The tilt value to which the command 
signal of said tilt setting signal generation section is set by it resets so that only the specified quantity 
may change in the negative direction. The tilt value as which it is located in the negative direction, and 
the command signal of said tilt setting signal generation section is determined to said optimal tilt value 
by it to said criteria include angle when said forward side average value is larger than said negative side 
average value resets so that only the specified quantity may change in the forward direction. When it 
resets the command signal of said tilt setting signal generation section Said tilt setting signal generation 
section outputs said command signal which reset, and said regenerative-signal measurement section re- 
measures the output value of said regenerative-signal processing section when carrying out sequential 
change of said amount of tilts according to said command signal which it reset. And said amount 
operation part of optimal tilts is the optical disk unit of the 4th configuration of that it is characterized by 
what said optimal tilt value is re-computed for. It has a means to judge the right or wrong of the optimal 
tilt value, when the optimal tilt values are abnormalities, only a predetermined step can shift and reset a 
criteria include angle, re-measurement and a re-operation can be performed, and the exact optimal tilt 
value from which regenerative signals, such as a RF signal, serve as max can be calculated. 
[0021] The 1 1th configuration of this invention said result-of-an-operation judging section It is based on 
the criteria include angle which is the central value of two or more of said amounts of tilts set up by said 
command signal while the secondary multiplier of said secondary function judges forward or negative. 
The forward side average which is the average of said measurement value measured when said amount 
of tilts set up by said command signal was located in the forward direction to said criteria include angle, 
Size relation with the negative side average which is the average of said measurement value measured 
when said amount of tilts set up by said command signal was located in the negative direction to said 



criteria include angle is compared. Said optimal tilt value computed by said amount operation part of 
optimal tilts receives said criteria include angle. By being located in the forward direction, when said 
forward side average is larger than said negative side average The tilt value to which the command 
signal of said tilt setting signal generation section is set by it resets so that only the specified quantity 
may change in the negative direction. The tilt value as which it is located in the negative direction, and 
the command signal of said tilt setting signal generation section is determined to said optimal tilt value 
by it to said criteria include angle when said negative side average value is larger than said forward side 
average value resets so that only the specified quantity may change in the forward direction. When it 
resets the command signal of said tilt setting signal generation section Said tilt setting signal generation 
section outputs said command signal which reset, and said regenerative-signal measurement section re- 
measures the output value of said regenerative-signal processing section when carrying out sequential 
change of said amount of tilts according to said command signal which it reset. And said amount 
operation part of optimal tilts is the optical disk unit of the 5th configuration of that it is characterized by 
what said optimal tilt value is re-computed for. Even when the amount of curvatures of an optical disk is 
extremely large and the grace of a regenerative signal falls remarkably, it is possible to detect correctly 
the amount of optimal tilts from which a jitter value etc. serves as min, and to control the amount of tilts 
with a precision sufficient at the optimal include angle. 

[0022] The 12th configuration of this invention is the optical disk unit of the 1st characterized by for the 
output value of said regenerative-signal processing section being a tracking error signal, and said 
regenerative-signal measurement section being the tracking error signal amplitude measurement section, 
2, 3, 4, 6 and 8, or the configuration of ten. The exact optimal tilt value can be calculated based on a 
tracking error signal. 

[0023] The 13th configuration of this invention is the optical disk unit of the 1st characterized by for the 
output value of said regenerative-signal processing section being an output value according to the 
addition signal of the output signal of two or more light emitting devices contained in said 
photodetector, and being the addition signal amplitude measurement section in which said regenerative- 
signal measurement section measures the amplitude of said addition signal, 2, 3, 4, 6 and 8, or the 
configuration of ten. The exact optimal tilt value can be calculated based on a RF signal. 
[0024] The 14th configuration of this invention is the optical disk unit of the 1st said whose 
regenerative-signal measurement section is the jitter signal measurement section and which comes out 
and is characterized by a certain thing, 2, 3, 5, 7 and 9, or the configuration of 1 1. The exact optimal tilt 
value can be calculated based on a jitter signal. 

[0025] The 15th configuration of this invention is the optical disk unit of one configuration of the 1st to 
14 characterized by being the configuration of changing the include angle of the objective lens with 
which said tilt drive converges a light beam. The configuration of a tilt drive is simplified and small and 
thin-shape-izing, and low cost-ization are realized. 
[0026] 

[Embodiment of the Invention] The example which showed concretely the best gestalt for carrying out 
this invention below is indicated with a drawing. 

[0027] «example 1» The optical disk unit of the example 1 of this invention is explained hereafter, 
referring to a drawing. Drawing 1 is the block diagram showing the configuration of the optical disk unit 
of the example 1 of this invention. In drawing 1 , the rotation drive of the optical disk 1 is carried out by 
the spindle motor 2, and the rotational frequency of a spindle motor 2 is controlled by the spindle servo 
circuit (not shown). The optical pickup 3 (the objective lens 4 grade carried on it is included.) condenses 
a light beam to the recording surface of an optical disk 1, and performs record or playback of data. The 
binary-ized signal which should be recorded is changed into a record signal by the record digital 
disposal circuit (not shown), is sent to the optical pickup 3, and is recorded on an optical disk 1. The 
regenerative signal read in the optical disk 1 is processed by the binary-ized signal in the regenerative- 
signal processing circuit 19. 

[0028] The objective lens 4. of the optical pickup 3 is driven in the direction of an optical axis of a light 
beam (the direction of a focus) with the focal actuator 7 which consisted of a magnet 8 and a focal drive 



coil 9. Since the light beam by which outgoing radiation was carried out from the optical pickup 3 is 
condensed to the recording surface of an optical disk 1, the focus servo circuit 6 controls the electrical 
potential difference impressed to the focal drive coil 9, and controls the focal location of an objective 
lens 4. An objective lens 4 is driven to radial [ of an optical disk 3 ] (the direction of tracking) with the 
tracking actuator 1 1 which consisted of a magnet 8 and a tracking drive coil 10 similarly. In order that 
the tracking servo circuit 12 may make the light beam by which outgoing radiation was carried out from 
the optical pickup 3 follow the truck formed in the recording surface, it controls the electrical potential 
difference impressed to the tracking drive coil 10, and controls the optical-axis location of an objective 
lens 4. The focal error signal which shows a gap of the focal location of a light beam, and the tracking 
error signal which shows a gap of the direction of a truck are generated based on the regenerative signal 
from the optical pickup 3 in the regenerative-signal processing circuit 19, and is sent to the focus servo 
circuit 6 and the tracking servo circuit 12. 

[0029] An optical pickup migration means 13 to move optical pickup to a different radius location 
consists of the traverse motor 14, a leading screw 15, a rack 16, and a guide shaft 17, the leading screw 
15 formed in the revolving shaft of the traverse motor 14 is engaging with the rack 16 fixed to the 
optical pickup 3, and the optical pickup 3 is supported possible [ rectilinear propagation ] with the guide 
shaft 17. And the optical pickup 3 is moved to radial [ of an optical disk 1 ] by the running torque of the 
traverse motor 14 transmitted through the leading screw 15 and the rack 16. 

[0030] Moreover, by changing the height of the periphery edge of the guide shaft 17 which supports the 
optical pickup 3 movable to radial [ of an optical disk 1 ], the tilt drive 26 (tilt adjustable means) shown 
in drawing 1 is a device in which a relative inclination with the optical disk 1 of the optical pickup 3 is 
changed, and includes the motor gear 27, the tilt rack 28, the tilt cam 29, the tilt follower 30, the guide 
shaft stationary plate 31, and the guide shaft 17. The tilt motor 24 rotates and the advancing-side-by-side 
drive of the tilt cam 29 is carried out through the motor gear 27 and the tilt rack 28 by the tilt driver 
voltage from the tilt servo circuit 21. The guide shaft stationary plate 31 in which the tilt follower 30 
contacted by advancing-side-by-side migration of the tilt cam 29 in the inclined plane of the tilt cam 29 
was formed in one with the tilt follower 30 of vertical movement of taking up and down and the tilt 
follower 30 fluctuates. The periphery edge is fixed to the guide shaft stationary plate 31, and the guide 
shaft 17 is supported for the guide shaft 17 free [ rotation at the core ] for the inner circumference edge. 
Therefore, the inclination of the guide shaft 17 changes by vertical movement of the guide shaft 
stationary plate 31, consequently the inclination of the optical pickup 3 changes. By rotating the tilt 
motor 24 as mentioned above, the inclination of the optical pickup 3 can change and whenever 
[ illuminating-angle / of the light beam irradiated by the optical disk 1 ] can be changed. That is, it is 
controllable by controlling rotation of the tilt motor 24 to become the include angle of a request of 
whenever [ illuminating-angle / of the light beam irradiated by the optical disk 1 ]. 
[0031] The configuration of the tilt servo circuit 21 is shown in drawing 2 . The tilt servo circuit 21 is a 
circuit for controlling the inclination of the optical pickup 3 so that whenever [ illuminating-angle / of 
the light beam irradiated by the optical disk 1 ] turns into a desired include angle. The tilt servo signal 
generating section 23 which outputs a tilt servo signal based on the tilt setting signal from the tilt setting 
signal generation section 33 constituted by the tilt detecting element 20 mentioned later, It consists of tilt 
motor drive circuits 25 which supply the tilt driver voltage based on a tilt servo signal to the tilt motor 
24. 

[0032] Next, the photodetector 34 and the regenerative-signal processing circuit 19 which were 
established in the optical pickup 3 are explained using drawing 3 and drawing 4 . Drawing 3 shows the 
configuration of a photodetector 34, and the relation of the reflected light from an optical disk 1. A 
photodetector 34 consists of four divided photo detectors A, B, C, and D. The detecting signal of each 
photo detector is amplified with amplifier. The output signals a, b, c, and d of each amplifier are 
transmitted to the regenerative-signal processing circuit 19. Drawing 4 shows the regenerative-signal 
processing circuit 19. The regenerative-signal processing circuit 19 generates (tracking error TE) signal 
=(a+d)-(b+c) and focal (error FE) signal =(a+c)-(b+d) and RF-signal = (a+b+c+d) from the output 
signals a, b, c, and d of a photodetector 34. Said TE signal is sent to the tracking servo circuit 12, and is 



used for the tracking servo which makes an optical spot follow the truck of an optical disk. Said FE 
signal is sent to the focus servo circuit 6, and since an optical spot is condensed to the recording surface 
of an optical disk 1, it is used for the focus servo which controls the focal location of an objective lens 4. 

[0033] The configuration of the tilt detecting element 20 is shown in drawing 5 . The tilt detecting 
element 20 consists of TE signal amplitude measurement section 35, the tilt setting signal generation 
section 33, amount operation part 36 of optimal tilts, and the result-of-an-operation judging section 37. 
The tilt detecting element 20 which calculates the optimal amount of tilts based on the regenerative 
signal of an optical pickup 3, and outputs a tilt setting signal is the characteristic block of this invention. 
The tilt detecting element 20 has two modes of operation in the amount detection mode of optimal tilts, 
and the amount setting mode of optimal tilts. The amount detection mode of optimal tilts is the mode in 
which the optimal amount of tilts is detected by changing the amount of tilts, and the amount setting 
mode of optimal tilts is the mode which fixes the amount of tilts to the optimal amount of tilts. 
[0034] The tilt setting signal generation section 33 determines whether to operate by which mode of 
operation. The determined mode of operation is transmitted to each block (not shown). The tilt setting 
signal generation section 33 carries out the sequential output of the three or more different (it sets in the 
example and is seven) tilt setting signals in the amount detection mode of optimal tilts. Thereby, a 
sequential setup of the different amount of tilts is carried out (the fixed amount of tilts is set up for every 
tilt setting signal.). TE signal amplitude measurement section 35 measures the amplitude value of TE 
signal in each amount of tilts (it mentions later for details.). The tilt setting signal generation section 33 
outputs the tilt setting signal of the optimal amount of tilts based on the result of an operation which the 
amount operation part 36 of optimal tilts outputted in the amount setting mode of optimal tilts. Thereby, 
the optimal amount of tilts is set up. 

[0035] TE signal amplitude measurement section 35 measures the amplitude of the tracking error signal 
(TE signal) generated in the regenerative-signal processing circuit 19. The amount operation part 36 of 
optimal tilts approximates the relation between three or more tilt setting signals and the amplitude value 
of TE signal measured in each amount of tilts (tilt setting signal) to a secondary function with the least 
square method in the amount detection mode of optimal tilts, and computes the amount of tilts (a tilt 
setting signal may be used.) from which the amplitude value of TE signal turns into extremal value 
(maximal value) based on the secondary function concerned as the result of an operation. Because the 
quantity of light of the reflected light which an optical pickup 3 inputs into whenever [ optimal tilt 
angle ] becomes max, the amplitude value of TE signal also becomes max. 

[0036] The result-of-an-operation judging section 37 judges whether the result of an operation computed 
by the amount operation part 36 of optimal tilts is over predetermined operation threshold value. When 
the result of an operation is over operation threshold value, the result of an operation and the command 
which makes the relation of the amplitude value of a tilt setting signal (the amount of tilts) and TE signal 
re-measure are outputted to the tilt setting signal generation section 33. The tilt setting signal generation 
section 33 performs re-measurement by the approach of mentioning later. When the result of an 
operation is not over operation threshold value, the result of an operation and the information that the 
result of an operation is not over operation threshold value are transmitted to the tilt setting signal 
generation section 33. The tilt setting signal generation section 33 changes a mode of operation into the 
amount setting mode of optimal tilts, and outputs the tilt setting signal corresponding to the result of an 
operation (optimum value). 

[0037] The tilt setting signal generation section 33 outputs the tilt setting signal for setting the relative 
inclination (the amount of tilts) of an optical disk 1 and a light beam as a desired include angle to the tilt 
servo circuit 21. The tilt setting signal generation section 33 carries out the sequential output of the three 
or more tilt setting signals set to measurement in the amount detection mode of optimal tilts as 
mentioned above, and outputs the tilt setting signal corresponding to the result of an operation (optimum 
value) which the amount operation part 36 of optimal tilts outputted in the amount setting mode of 
optimal tilts. The tilt servo circuit 21 drives the tilt drive 26 based on a tilt setting signal, and the relative 
inclination (the amount of tilts) of an optical disk 1 and a light beam is set as a desired include angle (the 



optimal tilt value). 

[0038] In the optical disk unit of the example 1 constituted as mentioned above, the actuation is 
explained using drawing 26 . Drawing 26 is a flow chart which shows actuation of the tilt detecting 
element 20. If first the power source of an optical disk unit is switched on or an optical disk unit is 
equipped with an optical disk, the tilt setting signal generation section 33 will set the tilt detecting 
element 20 as the amount detection mode of optimal tilts (step 2601). In the amount detection mode of 
optimal tilts, a tracking servo is turned OFF and it changes into the condition that an optical spot crosses 
a truck. Next, the tilt setting signal generation section 33 carries out the sequential output of the seven 
tilt setting signals decided beforehand, and TE signal amplitude measurement section 35 measures the 
amplitude value of each TE signal (step 2602). With seven tilt setting signals, it changes three steps of 
inclinations of the optical pickup 3 at a time in the forward direction and the negative direction in S 
fixed include-angle pitches by making into zero criteria include angle the inclination of the criteria 
decided beforehand. That is, the amplitude of TE signal is measured, changing the amount of tilts which 
is the relative inclination of the recording surface of an optical disk 1 , and a light beam. The tilt setting 
signal generation section 33 outputs first the tilt setting signal which sets the inclination of the optical 
pickup 3 as the criteria include angle 0 to the tilt servo circuit 21. The inclination XI of the optical 
pickup 3 measures the amplitude value Y of TE signal (XI) by TE signal amplitude measurement 
section 35, after having been controlled by the criteria include angle 0. Then, the inclination of the 
optical pickup 3 is set as +1 step, and the amplitude value Y of TE signal (X2) is measured. The 
amplitude value Y (X3), Y (X4), Y (X5), Y (X6), and Y (X7) of TE signal to each amount of tilts is 
measured a total of 7 times, changing the inclination of the optical pickup 3 similarly with +2 step, +3 
step, -1 step, -2 step, and -3 step. 

[0039] In addition, zero criteria include angle is beforehand set up like the erector of a plant as follows. 
It sets like an erector, and rotating a flat criteria disk without most curvatures with a spindle motor 2, the 
inclination of the optical pickup 3 is adjusted and the inclination is defined as zero criteria include angle 
so that a light beam may be irradiated almost at right angles to a criteria disk. That is, to the optical disk 
whose amount of curvatures is about 0 times, the relative inclination (the amount of tilts) of the 
recording surface of an optical disk and a light beam serves as an optimum value at zero criteria include 
angle. And when the inclination of the optical pickup 3 is in agreement with zero criteria include angle, 
an angle-of-rotation detection sensor (not shown) is attached in the revolving shaft of the tilt motor 24 so 
that a zero-point signal may be outputted. Or when the inclination of the optical pickup 3 is in agreement 
with zero criteria include angle, the output circuit of an angle-of-rotation detection sensor is adjusted so 
that a zero-point signal may be outputted. Therefore, if angle of rotation of the tilt motor 24 is set as the 
include angle to which a zero-point signal is outputted, the inclination of the optical pickup 3 will 
become zero criteria include angle, and if angle of rotation of the tilt motor 24 is controlled based on the 
output of an angle-of-rotation detection sensor, the inclination of the optical pickup 3 can be set as the 
inclination from which only the predetermined include angle shifted [ include angle / zero / criteria ]. 
[0040] Next, the amount of optimal tilts is calculated based on a measurement value (step 2603). Here, 
change of TE signal amplitude to the inclination of the optical pickup 3 is shown to drawing 6 . Since 
change of TE signal amplitude is small, when changing the inclination of the optical pickup 3 in a S 
travel pitch fixed as mentioned above near [ where TE signal amplitude becomes max as drawing 6 ] the 
include angle, unless it performs many measurement with small travel, the true include angle from 
which TE signal amplitude becomes max cannot be detected correctly. However, it asks for the include 
angle from which change of TE signal amplitude to the inclination of the optical pickup 3 perceives that 
the property near a secondary [ about ] function is shown, approximates change of TE signal amplitude 
to a secondary function with the least square method, and TE signal amplitude becomes max. Asking for 
the maximum include angle is possible, without also making [ many ] a measurement count, without 
making travel small by this. Then, Y (X) is approximated with the secondary function of a formula (1), 
using TE signal amplitude as Y (X) by using the ratio to travel S of the inclination (the amount of tilts) 
of optical pickup to X (if measurement of the seven above-mentioned steps being taken for an example 
X= -3, .. 0..3). 



[0041] 
[Equation 11 

Y(X)=aX*+bX+c (1) 

[0042] If the measurement value of TE signal amplitude at the time of setting the amount X of tilts of 
the j-th measurement to Xj is set to Yj, the value of the approximated formula (1) and the actual 
measurement value Yj are not completely in agreement under the effect of the noise mixed in the signal. 
An error amount vj is shown in a formula (2) by setting the error amount at that time to vj. 
[0043] 
[Equation 2] 

aX^+bXj+c-Y^ (2) 



[0044] Multipliers a, b, and c are determined that the least square method will make min the sum of 
squares E of Error vj as shown in a formula (3). N shows the measured predetermined measurement 
size. 
[0045] 

[Equation 3j^ 

2v j 2=E ( 3) 



[0046] In the least square method, if the determinant of the formula (4) materialized when E becomes 
min is solved, the value of a, b, and c can be calculated. 



(4) 



;0047] 
Equation 4] 
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[0048] Here, each function [ in a formula (4) ] P (k), Q (k), and Yl are as having been shown in the 
formula (5), the formula (6), and the formula (7). 
[0049] 
[Equation 5] 

N 

P<k)=2X, k (k=l~4) (5) 
j=l 



[0050] 

[Equation 6] 
N 

QOO^X/Yj (k=l~4) 



(6) 



[0051] 
[Equation 7] 



N 

i=i 

[0052] Since the amount of tilts is set up with X1=0, X2=+l, X3=+2, X4=+3, X5=-l, X6=-2, and X7=- 
3, here X2, X5, X3 and X6, and X4 and X7 Mutually, since positive/negative is reverse, P (1) and P (3) 
are set to 0, it is simplified and a formula (4) turns into a formula (8). 
[0053] 
[Equation 8] 
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[0054] X from which Y becomes maximum with the secondary function of a formula (1) is calculated 
by the formula (9). The secondary multiplier a and the primary multiplier b are computable from the 
amplitude value Yj and the formula (8) of TE signal which were measured. 
[0055] 
[Equation 9] 

-2a 

x max = . (9) 

b 



[0056] When these are summarized, Xmax (value of X from which Y becomes the maximal value) of a 
formula (9) is shown by the formula (10). Moreover, it can ask for the secondary multiplier a by the 
formula (11). 
[0057] 

[Equation 10] 

3 (y 4 -y 7 ) +2 (y 3 -y 6 ) + (y 2 -y 5 ) 
Xmax =~1.5 (10) 

5(y 4 +y 7 )-3(y 2 +y 5 )-4 yi 

[0058] 

[Equation 11] 

5(y 4 +y 7 )-3(y 2 +y 5 )-4 yi 
a= (11) 

84 

[0059] By the above, it can ask for the include angle theta of the amount of tilts from which the 
amplitude value of TE signal turns into maximum by the product of Xmax computed by S travel and the 
formula (9) (theta=SxXmax). For example, drawing 7 shows the secondary curve which approximated 
travel to the secondary function with the least square method based on a plot and measurement value of 
the amplitude value of TE signal measured while changing the amount of tilts at 0.2 degrees, and is the 
case where calculated Xmax(es) are 1.05 steps. The amount of tilts from which TE signal amplitude 
value serves as max at this time becomes 0.21 degrees. Thus, the amount operation part 36 of optimal 
tilts approximates the amount of tilts set up based on the tilt setting signal outputted from the tilt setting 
signal generation section 33, and the relation of the amplitude value of TE signal measured by TE signal 
amplitude measurement section 35 to a secondary function with the least square method as mentioned 
above, and computes the amount of tilts from which the amplitude value of TE signal to change of the 



amount of tilts serves as max as the result of an operation. 

[0060] Next, in order that the result-of-an-operation judging section 37 may calculate correctly the true 
amount of optimal tilts from which TE signal amplitude serves as max, the result of an operation 
computed by the amount operation part 36 of optimal tilts judges whether it is over predetermined 
operation threshold value (step 2604). Drawing 8 shows change of TE signal amplitude to the amount of 
tilts at the time of being about 2.75 times whose true amounts of optimal tilts from which TE signal 
amplitude serves as max are 0.2 travel with a broken line. For example, the amount of curvatures of an 
optical disk 1 is extremely large, and when it is about -0.55 degrees, it will be in such a condition. In this 
case, the plot of a white round head shows the measured value which was made to carry out **3 step 
change of the amount of tilts at one steps [ 0.2 ] to zero criteria include angle, and measured TE signal 
amplitude. Moreover, a continuous line shows the secondary curve approximated with the least square 
method using this measurement value. Since true extremal value (the amount of tilts from which TE 
signal amplitude serves as max) is near -3 step which is the maximum step by the side of minus so that 
clearly from drawing 8 , the extremal value computed from the measured value in **3 step will become 
-3.6 step in response to the effect of a measurement error. 

[0061] Thus, in order to prevent the miscalculation appearance of the amount of optimal tilts in case the 
amount of optimal tilts from which TE signal amplitude serves as max is greatly shifted from the criteria 
include angle, operation threshold value is set up beforehand, and when the result of an operation is over 
the operation threshold value, it progresses to step 2605. In step 2605, a criteria include angle is shifted 
in the direction in which the result of an operation has shifted, and is reset, a criteria include angle of tilt 
setting signal with which the tilt setting signal generation section 33 outputs the result-of-an-operation 
judging section 37 when the result of an operation is specifically over operation threshold value by the 
side of -3.6 step and minus like this example by using operation threshold value as **2 step minus-side - 
- 2 step ****** — it orders like. That is, a criteria include angle is reset and re-measured at the include 
angle of -0.4 degrees. Return and the tilt setting signal generation section 33 output zero step, +1 step, 
+2 step, +3 step, -1 step, -2 step, -3 step, and the changed tilt setting signal to step 2602 to a new criteria 
include angle again. The amplitude value of TE signal to each amount of tilts (tilt setting signal) is 
measured a total of 7 times. 

[0062] The plot of the black dot in drawing 8 is re-measured TE signal amplitude value, approximates 
with the least square method using this measurement value, and computes extremal value (maximal 
value) (step 2603). The computed extremal value is in agreement with the true extremal value of optimal 
tilts from which TE signal amplitude serves as max, i.e., the amount. Again, the result of an operation by 
which the result-of-an-operation judging section 37 was computed by the amount operation part 36 of 
optimal tilts judges whether it is over predetermined operation threshold value (step 2604). If the result 
of an operation is in operation threshold value, it will progress to step 2606. In step 2606, the tilt setting 
signal generation section 33 sets the tilt detecting element 20 as the amount setting mode of optimal tilts. 
Next, the tilt setting signal generation section 33 outputs the optimal tilt setting signal according to the 
inputted result of an operation (step 2607). The tilt drive 26 carries out the tilt of the optical disk 1 the 
optimal. 

[0063] On the contrary, when the result measured and calculated at **3 step by making 0 times into a 
criteria include angle when the amount of curvatures of an optical disk 1 was large to a plus side is over 
the operation threshold value by the side of plus (+2 step), in step 2605, it turns [ +2 step ** ] on a 
criteria include angle plus-side, and re-measurement and a re-operation are performed (steps 2602 and 
2603). The amount of optimal tilts can be correctly calculated by resetting a criteria include angle and 
performing re-measurement and a re-operation by these, also when the amount of curvatures of an 
optical disk is extremely large and the amount of optimal tilts is greatly shifted from the criteria include 
angle. 

[0064] As mentioned above, even when the amount of curvatures of an optical disk 1 is large, in order to 
calculate the recording surface of an optical disk, and the optimum value of the relative inclination of a 
light beam with a sufficient precision as an inclination from which TE signal amplitude serves as max, 
this example 1 Carrying out **3 travel change of the amount of tilts a core [ a criteria include angle ], 



the amount of tilts and the relation of the amplitude value of TE signal are approximated to a secondary 
function with the least square method, and the amount of optimal tilts from which the amplitude value of 
TE signal turns into extremal value is computed as the result of an operation. And even when the 
amount of curvatures of an optical disk 1 is large, in order to mistake the amount of optimal tilts and to 
ask that there is nothing First, it judges whether it is over **2 step which the result of an operation set up 
as operation threshold value. When the result of an operation is over the operation threshold value by the 
side of plus, only +2 step shifts and resets a criteria include angle, when the result of an operation is over 
the operation threshold value by the side of minus, only -2 step shifts and resets a criteria include angle, 
and re-measurement and a re-operation are performed. 

[0065] Therefore, even when the amount of curvatures of an optical disk 1 is large, finally the right 
result of an operation is called for re-measurement and by re-calculating. The tilt setting signal 
generation section 33 memorizes the right result of an operation as an amount of optimal tilts, the time 
of record or playback actuation — (— it is the amount setting mode of optimal tilts.) — the tilt setting 
signal generation section 33 outputs the tilt setting signal for setting it as the amount of optimal tilts to 
the tilt servo circuit 21, and the relative inclination of an optical disk 1 and a light beam is controlled by 
the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, according to the 
configuration of the example 1 of this invention, without forming special detection equipments, such as 
a tilt sensor, even when the amount of curvatures of an optical disk is large, the optical disk unit which 
can detect correctly the inclination of the recording surface of an optical disk to the optical axis of a light 
beam, and can control the inclination of the recording surface of an optical disk to the optical axis of a 
light beam with a precision sufficient at the optimal include angle is offered. Although the error of 
whenever [ in a tilt sensor / tilt angle ], and whenever [ in an optical pickup 3 / tilt angle ] was a problem 
in the conventional example using a separate tilt sensor, there cannot be no such an error in the optical 
disk unit of this invention which computes the optimal amount of tilts based on the reflected light which 
the optical pickup 3 inputted. 

[0066] «example 2» The optical disk unit of the example 2 of this invention is explained hereafter, 
referring to a drawing. Only actuation of the result-of-an-operation judging section [ in / in the optical 
disk unit of the example 2 of this invention / an example 1 ] 37 differs from an example 1. The result-of- 
an-operation judging section of an example 2 is set to 137. Since other components and actuation are the 
same as that of an example 1, the same sign is attached and the detailed explanation is omitted. Also in 
this example 2, the amount operation part 36 of optimal tilts approximates the amount of tilts set up 
based on the tilt setting signal outputted from the tilt setting signal generation section 33, and the 
relation of the amplitude value of TE signal measured by TE signal amplitude measurement section 35 
to a secondary function with the least square method as mentioned above, and computes the extremal 
value of change of TE signal amplitude value to change of the amount of tilts as the result of an 
operation. 

[0067] And the result-of-an-operation judging section 137 in an example 2 judges the direction which 
should shift a criteria include angle by the positive/negative of the result of an operation computed as 
extremal value, when a secondary multiplier is forward, while the secondary multiplier in the secondary 
function approximated by the optimal tilt operation part 36 with the least square method performs 
forward or a negative judgment. Drawing 9 shows change of TE signal amplitude to the amount of tilts 
when the true amount of optimal tilts is still larger than the case where drawing 8 shows with a broken 
line, when it is about 3.7 times [ which is S= 0.2 travel ] the true amount of optimal tilts of this from 
which TE signal amplitude serves as max. In this case, the plot of a white round head shows the 
measured value which was made to carry out **3 step change of the amount of tilts at one steps [ 0.2 ] to 
zero criteria include angle, and measured TE signal amplitude. Moreover, a continuous line shows the 
secondary curve approximated with the least square method using this measurement value. 
[0068] Thus, when the true amount of optimal tilts is greatly shifted from the criteria include angle to 
the minus side, TE amplitude value by the side of plus of the amount of tilts becomes very small, and 
since it becomes easy to be influenced of a noise etc., a measurement error becomes large. Furthermore, 
the change cannot necessarily approximate with a secondary function. As it follows, for example, is 



shown in drawing 9 , possibility of measuring TE amplitude in +3 travel more greatly than true value 
arises, and if approximated with the least square method, approximation which was mistaken on the 
convex secondary curve will be performed. Therefore, the secondary multiplier a shown by the formula 
(1 1) is computed with a positive value, and the result of an operation is computed as value [ amount / of 
optimal tilts / true ] completely shifted. In this case, it will specifically compute with result-of-an- 
operation Xmax=8.8 step for the secondary multiplier a= 6.71. 

[0069] In order to prevent such fault, the result-of-an-operation judging section 137 judges whether an 
error is in an operation by the positive/negative of a secondary multiplier, when a secondary multiplier is 
forward, it judges with the result of an operation not being right, and resets a criteria include angle. In 
resetting of a criteria include angle, the direction which should shift a criteria include angle by the 
positive/negative of the result of an operation computed as extremal value is judged. When the result of 
an operation is forward, it turns [ 2 step ** ] on a criteria include angle minus-side, and in a negative 
case, it is 2 step ****** to a plus side. Since the result of an operation is forward when shown in 
drawing 9 R> 9, it turns [ 2 step ** ] on a criteria include angle minus-side, and re-measurement and a 
re-operation are performed. It is TE signal amplitude value to which the plot of the black dot in drawing 
9 shifted and re-measured the criteria include angle to the minus side, and the extremal value 
approximated and computed with the least square method using this measurement value is in agreement 
with the true extremal value of optimal tilts from which TE signal amplitude serves as max, i.e., the 
amount. 

[0070] As mentioned above, even when the amount of curvatures of an optical disk 1 is large, in order to 
calculate the recording surface of an optical disk, and the optimum value of the relative inclination of a 
light beam with a sufficient precision as an inclination from which TE signal amplitude serves as max, 
this example 2 Carrying out **3 travel change of the amount of tilts a core [ a criteria include angle ], 
the amount of tilts and the relation of the amplitude value of TE signal are approximated to a secondary 
function with the least square method, and the amount of optimal tilts from which the amplitude value of 
TE signal turns into extremal value is computed as the result of an operation. And while the secondary 
multiplier in the approximated secondary function judges forward or negative, the result of an operation 
judges the forward direction or the negative direction on the basis of a criteria include angle, and when a 
secondary multiplier is forward, it judges with an error being in the result of an operation, and a criteria 
include angle is reset. On the basis of a criteria include angle, in the case of a plus direction, only -2 step 
shifts a criteria include angle, the result of an operation resets it, on the basis of a criteria include angle, 
only +2 step shifts a criteria include angle, the result of an operation resets it in the case of the minus 
direction, and re-measurement and a re-operation are performed. 

[0071] Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result of 
an operation is called for re-measurement and by re-calculating. And the result-of-an-operation judging 
section 137 sets up the right result of an operation as an amount of optimal tilts, and the tilt setting signal 
generation section 33 is made to output and memorize it. And in the case of record or playback 
actuation, the tilt setting signal generation section 33 outputs the tilt setting signal for setting it as the 
amount of optimal tilts to the tilt servo circuit 21, and the relative inclination of an optical disk 1 and a 
light beam is controlled by the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, 
according to the configuration of the example 2 of this invention, without forming special detection 
equipments, such as a tilt sensor, even when the amount of curvatures of an optical disk is large, the 
optical disk unit which can detect correctly the inclination of the recording surface of an optical disk to 
the optical axis of a light beam with TE signal, and can control the inclination of the recording surface of 
an optical disk to the optical axis of a light beam with a precision sufficient at the optimal include angle 
is offered. 

[0072] «example 3» The optical disk unit of the example 3 of this invention is explained hereafter, 
referring to a drawing. Only actuation of the result-of-an-operation judging section [ in / in the optical 
disk unit of the example 3 of this invention / an example 1 ] 37 differs from an example 1 . The result-of- 
an-operation judging section of an example 3 is set to 237. Since other components and actuation are the 
same as that of an example 1, the same sign is attached and the detailed explanation is omitted. Also in 



this example 3, the amount operation part 36 of optimal tilts approximates the amount of tilts set up 
based on the tilt setting signal outputted from the tilt setting signal generation section 33, and the 
relation of the amplitude value of TE signal measured by TE signal amplitude measurement section 35 
to a secondary function with the least square method as mentioned above, and computes the extremal 
value of change of TE signal amplitude value to change of the amount of tilts as the result of an 
operation. And the result-of-an-operation judging section 237 in an example 3 While the secondary 
multiplier in the secondary function approximated by the optimal tilt operation part 36 with the least 
square method performs forward or a negative judgment, when a secondary multiplier is forward The 
size relation between the average of TE signal amplitude by which the amount of tilts was measured at 
three steps of the forward direction from the criteria include angle, and the average of TE signal 
amplitude measured at three steps of the negative direction is compared, and the direction which should 
shift a criteria include angle is judged. 

[0073] Like drawing 9 used for explanation of an example 2, drawing 10 shows change of TE signal 
amplitude to the amount of tilts when the true amount of optimal tilts is large with a broken line, when it 
is about 3.7 times [ which is 0.2 travel ] the true amount of optimal tilts of this from which TE signal 
amplitude serves as max. In this case, the plot of a white round head shows the measured value which 
was made to carry out **3 step change of the amount of tilts at one steps [ 0.2 ] to zero criteria include 
angle like drawing 9, and measured TE signal amplitude. Moreover, a continuous line shows the 
secondary curve approximated with the least square method using this measurement value. Thus, if it is 
greatly influenced of a measurement error etc. and approximates with the least square method when the 
true amount of optimal tilts is greatly shifted from the criteria include angle to the minus side, 
approximation which was mistaken on the convex secondary curve may be performed. In such a case, 
the secondary multiplier a is computed with a positive value, and the result of an operation is computed 
as value [ amount / of optimal tilts / true ] completely shifted. 

[0074] In order to prevent such fault, the result-of-an-operation judging section 237 judges whether an 
error is in an operation by the positive/negative of a secondary multiplier like an example 2 first, when a 
secondary multiplier is forward, it judges with the result of an operation not being right, and resets a 
criteria include angle. And in resetting of a criteria include angle, the result-of-an-operation judging 
section 237 of this example compares the size relation between the average (forward side average) of TE 
signal amplitude by which the amount of tilts was measured at three steps by the side of plus from the 
criteria include angle, and the average (negative side average) of TE signal amplitude measured at three 
steps by the side of minus, and judges the direction which should shift a criteria include angle. When the 
average of plus side 3 step is large, it turns [ 2 step ** ] on a criteria include angle plus-side, and when 
the average of three steps by the side of minus is large, it is 2 step ****** to a minus side. Since the 
average of minus side 3 step is clearly larger when shown in drawing 10 , it turns [ 2 step ** ] on a 
criteria include angle minus-side, and re-measurement and a re-operation are performed, it is TE signal 
amplitude value to which the plot of the black dot which boils like drawing 9 R> 9 and can be set shifted 
and re-measured the criteria include angle to the minus side, and the extremal value approximated and 
computed with the least square method using this measurement value is in agreement with the true 
extremal value of optimal tilts from which TE signal amplitude serves as max, i.e., the amount. 
[0075] As mentioned above, even when the amount of curvatures of an optical disk 1 is large, in order to 
calculate the recording surface of an optical disk, and the optimum value of the relative inclination of a 
light beam with a sufficient precision as an inclination from which TE signal amplitude serves as max, 
this example 3 Carrying out **3 travel change of the amount of tilts a core [ a criteria include angle ], 
the amount of tilts and the relation of the amplitude value of TE signal are approximated to a secondary 
function with the least square method, and the amount of optimal tilts from which the amplitude value of 
TE signal turns into extremal value is computed as the result of an operation. And while the secondary 
multiplier in the approximated secondary function judges forward or negative, the size relation between 
the forward side average and the negative side average is compared. When a secondary multiplier is 
forward, it judges with an error being in the result of an operation, and a criteria include angle is reset. 
When the forward side average is larger than the negative side average, only +2 step shifts and resets a 



criteria include angle, when the forward side average is smaller than the negative side average, only -2 
step shifts and resets a criteria include angle, and re-measurement and a re-operation are performed. 
[0076] Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result of 
an operation is called for re-measurement and by re-calculating. And the result-of-an-operation judging 
section 237 sets up the right result of an operation as an amount of optimal tilts, and the tilt setting signal 
generation section 33 is made to output and memorize it. And in the case of record or playback 
actuation, the tilt setting signal generation section 33 outputs the tilt setting signal for setting it as the 
amount of optimal tilts to the tilt servo circuit 21, and the relative inclination of an optical disk 1 and a 
light beam is controlled by the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, 
according to the configuration of the example 3 of this invention, without forming special detection 
equipments, such as a tilt sensor, even when the amount of curvatures of an optical disk is large, the 
optical disk unit which can detect correctly the inclination of the recording surface of an optical disk to 
the optical axis of a light beam with TE signal, and can control the inclination of the recording surface of 
an optical disk to the optical axis of a light beam with a precision sufficient at the optimal include angle 
is offered. 

[0077] «example 4» The optical disk unit of the example 4 of this invention is explained hereafter. 
Only actuation of the result-of-an-operation judging section [ in / in the optical disk unit of the example 
4 of this invention / an example 1 ] 37 differs from an example 1. The result-of-an-operation judging 
section of an example 4 is set to 337. Since other components and actuation are the same as that of an 
example 1, the same sign is attached and the detailed explanation is omitted. Also in this example 4, the 
amount operation part 36 of optimal tilts approximates the amount of tilts set up based on the tilt setting 
signal outputted from the tilt setting signal generation section 33, and the relation of the amplitude value 
of TE signal measured by TE signal amplitude measurement section 35 to a secondary function with the 
least square method as mentioned above, and computes the extremal value of change of TE signal 
amplitude value to change of the amount of tilts as the result of an operation. 
[0078] And the result-of-an-operation judging section 337 in an example 4 While judging the 
positive/negative (is the amount of tilts of extremal value a forward value to a criteria include angle, or 
is it a negative value?) of the result of an operation computed by the optimal tilt operation part 36 as 
extremal value By comparing the size relation between the average (forward side average) of TE signal 
amplitude by which the amount of tilts was measured at three steps by the side of plus from the criteria 
include angle, and the average (negative side average) of TE signal amplitude measured at three steps by 
the side of minus The direction which should shift the right or wrong and the criteria include angle of 
the result of an operation is judged. And with a forward value the amount of tilts of extremal value - a 
criteria include angle -- receiving, when the negative side average is large, change only the specified 
quantity in the minus direction from a criteria include angle, and a criteria include angle is reset, the 
result of an operation - a plus direction - And with a negative value the amount of tilts of extremal 
value - a criteria include angle - receiving, when the forward side average is large, change only the 
specified quantity from a criteria include angle to a plus direction, and a criteria include angle is reset, 
the result of an operation - the minus direction ~ flirther - the result of an operation - plus - and with 
the case where the forward side average is large, with a forward value the amount of tilts of extremal 
value - a criteria include angle - receiving ~ the result of an operation - minus ~ and with a negative 
value the amount of tilts of extremal value - a criteria include angle - receiving, when a negative side 
average value is large, the result of an operation judges with the right, and sets up the result of an 
operation as an amount of optimal tilts. As long as the result of an operation (the amount of tilts of 
extremal value) is fixed within the limits from a criteria include angle with [ the absolute value of the 
difference of the average of TE signal amplitude by which the amount of tilts was measured at three 
steps by the side of plus from the criteria include angle, and the average of TE signal amplitude 
measured at three steps by the side of minus ] constant value [ below ], it may not be made not to 
perform the above-mentioned judgment step. 

[0079] For example, in drawing 10 used by explanation of an example 3, the true amount of optimal tilts 
from which TE signal amplitude serves as max was -3.7 step of the minus direction. In this case, the 



extremal value Xmax computed from the measured value (plot of a white round head) which was made 
to carry out **3 step change at one steps [ 0.2 ], and measured the amount of tilts to zero criteria include 
angle will be computed as value +8.8 step which shifted from the true amount of optimal tilts 
completely as mentioned above greatly in response to the fact that the effect of a measurement error etc. 
In this case, the result of an operation (the amount of tilts of extremal value) is a plus direction at +8.8 
step, and the average of TE signal amplitude by which the average of TE signal amplitude by which the 
amount of tilts was measured at three steps by the side of plus from the criteria include angle was 
measured at three steps by the side of 102mV and minus is set to 609mV. therefore, the result of an 
operation — a plus direction — and with a forward value the amount of tilts of extremal value — a criteria 
include angle — receiving, it is equivalent to a large case, and the negative side average carries out [ 2 
step ** ] a criteria include angle in the minus direction, and resets it in it, and re-measurement and a re- 
operation are performed. It is TE signal amplitude value to which the plot of a black dot shifted and re- 
measured the criteria include angle to the minus side like the example 3, and the extremal value 
approximated and computed with the least square method using this measurement value is in agreement 
with the true extremal value of optimal tilts from which TE signal amplitude serves as max, i.e., the 
amount. 

[0080] As mentioned above, even when the amount of curvatures of an optical disk 1 is large, in order to 
calculate the recording surface of an optical disk, and the optimum value of the relative inclination of a 
light beam with a sufficient precision as an inclination from which TE signal amplitude serves as max, 
this example 4 Carrying out **3 travel change of the amount of tilts a core [ a criteria include angle ], 
the amount of tilts and the relation of the amplitude value of TE signal are approximated to a secondary 
function with the least square method, and the amount of optimal tilts from which the amplitude value of 
TE signal turns into extremal value is computed as the result of an operation. And while judging the 
positive/negative of the result of an operation computed as extremal value by the amount operation part 
36 of optimal tilts By comparing the size relation between the average of TE signal amplitude by which 
the amount of tilts was measured at three steps by the side of plus from the criteria include angle, and 
the average of TE signal amplitude measured at three steps by the side of minus When the direction 
which should shift the right or wrong and the criteria include angle of the result of an operation is judged 
and it judges with the result of an operation not being right, a criteria include angle is reset, and re- 
measurement and a re-operation are performed. 

[0081] Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result of 
an operation is called for re-measurement and by re-calculating. And the result-of-an-operation judging 
section 337 sets up the right result of an operation as an amount of optimal tilts, and the tilt setting signal 
generation section 33 is made to output and memorize it. And in the case of record or playback 
actuation, the tilt setting signal generation section 33 outputs the tilt setting signal for setting it as the 
amount of optimal tilts to the tilt servo circuit 21, and the relative inclination of an optical disk 1 and a 
light beam is controlled by the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, 
according to the configuration of the example 4 of this invention, without forming special detection 
equipments, such as a tilt sensor, even when the amount of curvatures of an optical disk is large, the 
optical disk unit which can detect correctly the inclination of the recording surface of an optical disk to 
the optical axis of a light beam with TE signal, and can control the inclination of the recording surface of 
an optical disk to the optical axis of a light beam with a precision sufficient at the optimal include angle 
is offered. 

[0082] «example 5» The optical disk unit of the example 5 of this invention is explained hereafter, 
referring to a drawing. The optical disk unit of the example 5 of this invention by detecting the relative 
inclination (the amount of tilts) of the recording surface of an optical disk 1, and a light beam from 
which the amplitude of a RF signal serves as max as an amount of optimal tilts, and changing the 
inclination of optical pickup The amplitude value of a RF signal is measured changing the amount of 
tilts, the amount of tilts and the relation of the amplitude value of a RF signal are approximated to a 
secondary function with the least square method, and the amplitude value of the RF signal to change of 
the amount of tilts computes the amount of tilts used as max, and considers as the amount of optimal 



tilts. Therefore, the difference with examples 1-4 is a point of using the amplitude value of a RF signal 
instead of the amplitude value of TE signal. The same component as examples 1-4 and its actuation 
attach the same sign hereafter, and the detailed explanation is omitted. 

[0083] Drawing 1 1 is the block diagram showing the configuration of the optical disk unit of the 
example 5 of this invention. The optical disk unit of drawing 1 1 is replaced with the tilt detecting 
element 20 of drawing 1 , and has the tilt detecting element 420. The RF signal outputted from the 
regenerative-signal processing circuit 19 is the same as that of the example 1 shown in above-mentioned 
drawing 1 except being sent to the tilt detecting element 420. The output signals a, b, c, and d of four 
photo detectors A, B, C, and D with which the photodetector 34 in the optical head 3 shown in above- 
mentioned drawing 3 R> 3 was divided are added in the regenerative-signal processing circuit 19 shown 
in above-mentioned drawing 4 , and RF-signal = (a+b+c+d) is generated. The configuration of the tilt 
detecting element 420 of the example 5 of this invention is shown in drawing 1212 . The tilt detecting 
element 420 consists of RF signal amplitude measurement section 438, the tilt setting signal generation 
section 33, amount operation part 436 of optimal tilts, and the result-of-an-operation judging section 
437. 

[0084] The tilt detecting element 420 has two modes of operation in the amount detection mode of 
optimal tilts, and the amount setting mode of optimal tilts. The amount detection mode of optimal tilts is 
the mode in which the optimal amount of tilts is detected by changing the amount of tilts, and the 
amount setting mode of optimal tilts is the mode which fixes the amount of tilts to the optimal amount of 
tilts. The tilt setting signal generation section 33 determines whether to operate by which mode of 
operation. The determined mode of operation is transmitted to each block (not shown). The tilt setting 
signal generation section 33 carries out the sequential output of the three or more different (it sets in the 
example and is seven) tilt setting signals in the amount detection mode of optimal tilts. Thereby, a 
sequential setup of the different amount of tilts is carried out (the fixed amount of tilts is set up for every 
tilt setting signal.). RF signal amplitude measurement section 438 measures the amplitude value of the 
RF signal in each amount of tilts (it mentions later for details.). The tilt setting signal generation section 
33 outputs the tilt setting signal of the optimal amount of tilts based on the result of an operation which 
the amount operation part 436 of optimal tilts outputted in the amount setting mode of optimal tilts. 
Thereby, the optimal amount of tilts is set up. 

[0085] RF signal amplitude measurement section 438 measures the amplitude of the RF signal generated 
in the regenerative-signal processing circuit 19. The amount operation part 436 of optimal tilts 
approximates the relation between the amount of tilts set up based on the tilt setting signal outputted 
from the tilt setting signal generation section 33, and the amplitude value of the RF signal measured by 
RF signal amplitude measurement section 438 to a secondary function with the least square method. 
Based on the secondary function concerned, the amplitude value of the RF signal to change of the 
amount of tilts computes the amount of tilts used as extremal value (maximal value) as the result of an 
operation. The result-of-an-operation judging section 437 judges whether the result of an operation 
computed by the amount operation part 436 of optimal tilts is over predetermined operation threshold 
value, and when the result of an operation is over operation threshold value, it outputs the result of an 
operation, and the amount of tilts and the command which makes the relation of the amplitude value of a 
RF signal re-measure to the tilt setting signal generation section 33. When the result of an operation is 
not over operation threshold value, the result of an operation and the information that the result of an 
operation is in operation threshold value are transmitted to the tilt setting signal generation section 33. 
The tilt setting signal generation section 33 sets up the inputted result of an operation as an optimal tilt 
value. 

[0086] In the optical disk unit of the example 5 constituted as mentioned above, the actuation is 
explained using drawing 27 . Drawing 27 is a flow chart which shows actuation of the tilt detecting 
element 420. If first the power source of an optical disk unit is switched on or an optical disk unit is 
equipped with an optical disk, the tilt setting signal generation section 33 will set the tilt detecting 
element 420 as the amount detection mode of optimal tilts (step 2701). It is in the condition which 
turned ON the focus servo and the tracking servo, and the tilt setting signal generation section 33 carries 



out the sequential output of the seven tilt setting signals decided beforehand, and RF signal amplitude 
measurement section 438 measures [ in / both / the amount detection mode of optimal tilts ] the 
amplitude value of each TE signal (step 2702). With seven tilt setting signals, it changes three steps of 
inclinations of the optical pickup 3 at a time in the forward direction and the negative direction in S 
fixed include-angle pitches by making into zero criteria include angle the inclination of the criteria 
beforehand decided like examples 1-4. That is, the amplitude of a RF signal is measured, changing the 
amount of tilts which is the relative inclination of the recording surface of an optical disk, and a light 
beam. The tilt setting signal generation section 33 outputs first the tilt setting signal which sets the 
inclination of the optical pickup 3 as the criteria include angle 0 to the tilt servo circuit 21 . After the 
criteria include angle 0 has controlled the inclination XI of the optical pickup 3, the amplitude value Y 
of a RF signal (XI) is measured by RF signal amplitude measurement section 438. Then, the inclination 
of the optical pickup 3 is set as +1 step, and the amplitude value Y of a RF signal (X2) is measured. The 
amplitude value Y (X3), Y (X4), Y (X5), Y (X6), and Y (X7) of the RF signal to each amount of tilts is 
measured a total of 7 times, making it change similarly with inclination +2 step of the optical pickup 3, 
+3 step, -1 step, -2 step, and -3 step. 

[0087] In addition, zero criteria include angle is beforehand set up like the erector of a plant as follows. 
It sets like an erector, and rotating a flat criteria disk without most curvatures with a spindle motor, the 
inclination of the optical pickup 3 is adjusted and the inclination is defined as zero criteria include angle 
so that a light beam may be irradiated almost at right angles to a criteria disk. That is, to the optical disk 
whose amount of curvatures is about 0 times, the relative inclination (the amount of tilts) of the 
recording surface of an optical disk and a light beam serves as an optimum value at zero criteria include 
angle. And when the inclination of the optical pickup 3 is in agreement with zero criteria include angle, 
an angle-of-rotation detection sensor (not shown) is attached in the revolving shaft of the tilt motor 24 so 
that a zero-point signal may be outputted. Or when the inclination of the optical pickup 3 is in agreement 
with zero criteria include angle, the output circuit of an angle-of-rotation detection sensor is adjusted so 
that a zero-point signal may be outputted. Therefore, if angle of rotation of the tilt motor 24 is set as the 
include angle to which a zero-point signal is outputted, the inclination of the optical pickup 3 will 
become zero criteria include angle, and if angle of rotation of the tilt motor 24 is controlled based on the 
output of an angle-of-rotation detection sensor, the inclination of the optical pickup 3 can be set as the 
inclination from which only the predetermined include angle shifted [ include angle / zero / criteria ]. 
[0088] Next, the amount of optimal tilts is calculated based on a measurement value (step 2703). Here, 
change of RF signal amplitude to the inclination of the optical pickup 3 is shown to drawing 13 . Change 
of RF signal amplitude to the inclination of the optical pickup 3 shows the property near a secondary 
[ about ] function like change of TE signal amplitude as drawing 13 . Therefore, it asks for the include 
angle from which change of RF signal amplitude is approximated to a secondary function with the least 
square method, and RF signal amplitude becomes max. Then, the secondary function of a formula (1) is 
resembled, using RF signal amplitude as Y (X) by using the ratio to travel S of the inclination (the 
amount of tilts) of optical pickup to X (if measurement of the seven above-mentioned steps being taken 
for an example X= -3, .. 0..3). When the operation approach is the same as that of an example 1 and the 
measurement value of RF signal amplitude at the time of setting the amount X of tilts of the j-th 
measurement to Xj is set to Yj, the error amount vj of the value of the approximated formula (1) and the 
actual measurement value Yj is shown in a formula (2). It is determined that multipliers a, b, and c will 
make into min the sum of squares E of the error vj shown in a formula (3). It can ask for multipliers a, b, 
c, and d by solving the determinant of a formula (4). Here, each function [ in a formula (4) ] P (k), Q (k), 
and Yl are as having been shown in the formula (5), the formula (6), and the formula (7). Since the 
amount of tilts is set up with X1=0, X2=+l, X3=+2, X4=+3, X5=-l, X6=-2, and X7=-3, X2, X5, X3 and 
X6, and X4 and X7 Mutually, since the sign is reverse, P (1) and P (3) are set to 0, it is simplified and a 
formula (4) turns into a formula (8). X from which Y becomes maximum with the secondary function of 
a formula (1) is calculated by the formula (9). The secondary multiplier a and the primary multiplier b 
are computable from the amplitude value Yj and the formula (8) of a RF signal which were measured. 
When these are summarized, Xmax of a formula (9) is shown by the formula (10). Moreover, it can ask 



for the secondary multiplier a by the formula (11). 

[0089] By the above, it can ask for the include angle theta of the amount of tilts from which the 
amplitude value of a RF signal turns into maximum by the product of Xmax computed by S travel and 
the formula (9) (theta=SxXmax). For example, drawing 14 shows the secondary curve which 
approximated travel to the secondary function with the least square method based on a plot and 
measurement value of RF signal amplitude measured while changing the amount of tilts at 0.2 degrees, 
and is the case where calculated Xmax(es) are 1.05 steps. The amount of tilts from which RF signal 
amplitude value serves as max at this time becomes 0.21 degrees. Thus, the amount operation part 436 
of optimal tilts approximates the amount of tilts set up based on the tilt setting signal outputted from the 
tilt setting signal generation section 33, and the relation of the amplitude value of the RF signal 
measured by RF signal amplitude measurement section 438 to a secondary function with the least square 
method as mentioned above, and computes the amount of tilts from which the amplitude value of TE 
signal to change of the amount of tilts serves as max as the result of an operation. 
[0090] Next, in order that the result-of-an-operation judging section 437 may calculate correctly the true 
amount of optimal tilts from which RF signal amplitude serves as max, the result of an operation 
computed by the amount operation part 436 of optimal tilts judges whether it is over predetermined 
operation threshold value (step 2704). Drawing 15 shows change of RF signal amplitude to the amount 
of tilts at the time of being about 2.75 times whose true amounts of optimal tilts from which RF signal 
amplitude serves as max are 0.2 travel with a broken line. For example, the amount of curvatures of an 
optical disk 1 is extremely large, and when it is about -0.55 degrees, it will be in such a condition. In this 
case, the plot of a white round head shows the measured value which was made to carry out **3 step 
change of the amount of tilts at one steps [ 0.2 ] to zero criteria include angle, and measured RF signal 
amplitude. Moreover, a continuous line shows the secondary curve approximated with the least square 
method using this measurement value. Since true extremal value (the amount of tilts from which RF 
signal amplitude serves as max) is near -3 step which is the maximum step by the side of minus so that 
clearly from drawing 15 , the extremal value computed from the measured value in **3 step will become 
-3.6 step in response to the effect of a measurement error. 

[0091] Thus, in order to prevent the miscalculation appearance of the amount of optimal tilts in case the 
amount of optimal tilts from which RF signal amplitude serves as max is greatly shifted from the criteria 
include angle, operation threshold value is set up beforehand, and when the result of an operation is over 
the operation threshold value, it progresses to step 2705. In step 2705, a criteria include angle is shifted 
in the direction in which the result of an operation has shifted, and is reset, a criteria include angle of tilt 
setting signal with which the tilt setting signal generation section 33 outputs the result-of-an-operation 
judging section 437 when the result of an operation is specifically over operation threshold value by the 
side of -3.6 step and minus like this example by using operation threshold value as **2 step minus-side - 
- 2 step ****** ~ it orders like. That is, a criteria include angle is reset and re-measured at the include 
angle of -0.4 degrees. Return and the tilt setting signal generation section 33 output zero step, +1 step, 
+2 step, +3 step, -1 step, -2 step, -3 step, and the changed tilt setting signal to step 2702 to a new criteria 
include angle again. The amplitude value of TE signal to each amount of tilts (tilt setting signal) is 
measured a total of 7 times. 

[0092] The plot of the black dot in drawing 15 is re-measured RF signal amplitude value, approximates 
with the least square method using this measurement value, and computes extremal value (maximal 
value) (step 2703). The computed extremal value is in agreement with the true extremal value of optimal 
tilts from which RF signal amplitude serves as max, i.e., the amount. Again, the result of an operation by 
which the result-of-an-operation judging section 437 was computed by the amount operation part 436 of 
optimal tilts judges whether it is over predetermined operation threshold value (step 2704). If the result 
of an operation is in operation threshold value, it will progress to step 2706. In step 2706, the tilt setting 
signal generation section 33 sets the tilt detecting element 20 as the amount setting mode of optimal tilts. 
Next, the tilt setting signal generation section 33 outputs the optimal tilt setting signal according to the 
inputted result of an operation (step 2707). The tilt drive 26 carries out the tilt of the optical disk 1 the 
optimal. 



[0093] On the contrary, when the result measured and calculated at **3 step by making 0 times into a 
criteria include angle when the amount of curvatures of an optical disk 1 was large to a plus side is over 
the operation threshold value by the side of plus (+2 step), in step 2705, it turns [ +2 step ** ] on a 
criteria include angle plus-side, and re-measurement and a re-operation are performed (steps 2702 and 
2703). The amount of optimal tilts can be correctly calculated by resetting a criteria include angle and 
performing re-measurement and a re-operation by these, also when the amount of curvatures of an 
optical disk is extremely large and the amount of optimal tilts is greatly shifted from the criteria include 
angle. 

[0094] Furthermore, the secondary multiplier in the secondary function which approximated the result- 
of-an-operation judging section 437 with the least square method performs forward or a negative 
judgment. Drawing 16 shows change of RF signal amplitude to the amount of tilts when the true amount 
of optimal tilts is still larger than the case where drawing 1 5 shows with a broken line, when it is about 
3.7 times [ which is 0.2 travel ] the true amount of optimal tilts of this from which RF signal amplitude 
serves as max. In this case, the plot of a white round head shows the measured value which was made to 
carry out **3 step change of the amount of tilts at one steps [ 0.2 ] to zero criteria include angle, and 
measured RF signal amplitude. Moreover, a continuous line shows the secondary curve approximated 
with the least square method using this measurement value. 

[0095] Thus, when the true amount of optimal tilts is greatly shifted from the criteria include angle to 
the minus side, RF signal amplitude value by the side of plus of the amount of tilts becomes very small, 
and since it becomes easy to be influenced of a noise etc., a measurement error becomes large. 
Furthermore, the change cannot necessarily approximate with a secondary function. As it follows, for 
example, is shown in drawing 16 , possibility of measuring RF amplitude in +3 travel more greatly than 
true value arises, and if approximated with the least square method, approximation which was mistaken 
on the convex secondary curve will be performed. Therefore, the secondary multiplier a shown by the 
formula (1 1) is computed with a positive value, and the result of an operation is computed as value 
[ amount / of optimal tilts / true ] completely shifted. In this case, it will specifically compute with 
result-of-an-operation Xmax=8.8 step for the secondary multiplier a= 6.71. 

[0096] In order to prevent such fault, the result-of-an-operation judging section 437 judges whether an 
error is in an operation by the positive/negative of a secondary multiplier, when a secondary multiplier is 
forward, it judges with the result of an operation not being right, and resets a criteria include angle. In 
resetting of a criteria include angle, the direction which should shift a criteria include angle by the 
positive/negative of the result of an operation computed as extremal value is judged. When the result of 
an operation is forward, it turns [ 2 step **]ona criteria include angle minus-side, and in a negative 
case, it is 2 step ****** to a plus side. Since the result of an operation is forward when shown in 
drawing 1616 , it turns [ 2 step ** ] on a criteria include angle minus-side, and re-measurement and a re- 
operation are performed. It is RF signal amplitude value to which the plot of the black dot in drawing 16 
shifted and re-measured the criteria include angle to the minus side, and the extremal value 
approximated and computed with the least square method using this measurement value is in agreement 
with the true extremal value of optimal tilts from which RF signal amplitude serves as max, i.e., the 
amount. 

[0097] As mentioned above, even when the amount of curvatures of an optical disk 1 is large, in order to 
calculate the recording surface of an optical disk, and the optimum value of the relative inclination of a 
light beam with a sufficient precision as an inclination from which RF signal amplitude serves as max, 
this example 5 Carrying out **3 travel change of the amount of tilts a core [ a criteria include angle ], 
the amount of tilts and the relation of the amplitude value of a RF signal are approximated to a 
secondary function with the least square method, and the amount of optimal tilts from which the 
amplitude value of a RF signal turns into extremal value is computed as the result of an operation. And 
even when the amount of curvatures of an optical disk 1 is large, in order to mistake the amount of 
optimal tilts and to ask that there is nothing First, it judges whether it is over **2 step which the result of 
an operation set up as operation threshold value. When the result of an operation is over the operation 
threshold value by the side of plus, only +2 step shifts and resets a criteria include angle, when the result 



of an operation is over the operation threshold value by the side of minus, only -2 step is shifted and 
reset, and re-measurement and a re-operation are performed. Thus, even when the amount of curvatures 
of an optical disk 1 is large, finally the right result of an operation is called for re-measurement and by 
re-calculating. 

[0098] Furthermore, while the secondary multiplier in the approximated secondary function judges 
forward or negative, the result of an operation judges the forward direction, the negative direction, or 
whether (whether the amount of tilts in extremal value to be a forward value or a forward negative value 
to a criteria include angle) on the basis of a criteria include angle. When a secondary multiplier is 
forward, it judges with an error being in the result of an operation, and a criteria include angle is reset. 
On the basis of a criteria include angle, in the case of a plus direction (the amount of tilts in extremal 
value is a forward value to a criteria include angle), only -2 step shifts a criteria include angle, the result 
of an operation resets it, on the basis of a criteria include angle, only +2 step shifts a criteria include 
angle, the result of an operation resets it in the case of the minus direction (the amount of tilts in 
extremal value is a negative value to a criteria include angle), and re-measurement and a re-operation are 
performed. Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result 
of an operation is called for re-measurement and by re-calculating. 

[0099] The tilt setting signal generation section 33 memorizes the right result of an operation as an 
amount of optimal tilts, the time of record or playback actuation - (— it is the amount setting mode of 
optimal tilts.) - the tilt setting signal generation section 33 outputs the tilt setting signal for setting it as 
the amount of optimal tilts to the tilt servo circuit 21, and the relative inclination of an optical disk 1 and 
a light beam is controlled by the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, 
according to the configuration of the example 5 of this invention, without forming special detection 
equipments, such as a tilt sensor, even when the amount of curvatures of an optical disk is large, the 
optical disk unit which can detect correctly the inclination of the recording surface of an optical disk to 
the optical axis of a light beam by the RF signal, and can control the inclination of the recording surface 
of an optical disk to the optical axis of a light beam with a precision sufficient at the optimal include 
angle is offered. Although the error of whenever [ in a tilt sensor / tilt angle ], and whenever [ in an 
optical pickup 3 / tilt angle ] was a problem in the conventional example using a separate tilt sensor, 
there cannot be no such an error in the optical disk unit of this invention which computes the optimal 
amount of tilts based on the reflected light which the optical pickup 3 inputted. 
[0100] «example 6» The optical disk unit of the example 6 of this invention is explained hereafter, 
referring to a drawing. The optical disk unit of the example 6 of this invention is what detects the 
relative inclination (the amount of tilts) of the recording surface of an optical disk 1, and a light beam 
from which the jitter value over the reference clock of a RF signal serves as min as an amount of optimal 
tilts. By changing the inclination of optical pickup, a jitter value is measured changing the amount of 
tilts, the relation between the amount of tilts and a jitter value is approximated to a secondary function 
with the least square method, the amount of tilts from which the jitter value over change of the amount 
of tilts serves as min is computed, and it considers as the amount of optimal tilts. Therefore, the 
difference with examples 1-4 is a point of using a jitter value instead of the amplitude value of TE 
signal. The same component as examples 1-4 and its actuation attach the same sign hereafter, and the 
detailed explanation is omitted. 

[0101] Drawing 17 is the block diagram showing the configuration of the optical disk unit of the 
example 6 of this invention. The optical disk unit of drawing 17 is replaced with the tilt detecting 
element 20 of drawing 1 , and has the jitter measurement section 539 and the tilt detecting element 520. 
The RF signal outputted from the regenerative-signal processing circuit 19 is sent to the jitter 
measurement section 539, and the jitter value measured in the jitter measurement section 539 is sent to 
the tilt detecting element 520. It is the same as that of the example 1 shown in above-mentioned drawing 
1 R> 1 except it. The outputs a, b, c, and d of four photo detectors A, B, C, and D into which the 
photodetector 34 in the optical pickup 3 shown in above-mentioned drawing 3 was divided are added in 
the regenerative-signal processing circuit 19 shown in above-mentioned drawing 4 , and are generated as 
RF-signal= (a+b+c+d). The jitter measurement section 539 changes a RF signal into a binary-ized 



signal, measures the jitter value over the reference clock of a binary-ized signal, and outputs the 
electrical potential difference proportional to the jitter value as a jitter electrical potential difference. 
[0102] Drawing 18 shows the configuration of the tilt detecting element 520 of the example 6 of this 
invention. The tilt detecting element 520 consists of the jitter signal measurement section 540, the tilt 
setting signal generation section 33, amount operation part 536 of optimal tilts, and the result-of-an- 
operation judging section 537. The tilt detecting element 420 has two modes of operation in the amount 
detection mode of optimal tilts, and the amount setting mode of optimal tilts. The amount detection 
mode of optimal tilts is the mode in which the optimal amount of tilts is detected by changing the 
amount of tilts, and the amount setting mode of optimal tilts is the mode which fixes the amount of tilts 
to the optimal amount of tilts. The tilt setting signal generation section 33 determines whether to operate 
by which mode of operation. The determined mode of operation is transmitted to each block (not 
shown). The tilt setting signal generation section 33 carries out the sequential output of the three or more 
different (it sets in the example and is seven) tilt setting signals in the amount detection mode of optimal 
tilts. Thereby, a sequential setup of the different amount of tilts is carried out (the fixed amount of tilts is 
set up for every tilt setting signal.). The jitter signal measurement section 540 measures the jitter signal 
in each amount of tilts (it mentions later for details.). The tilt setting signal generation section 33 outputs 
the tilt setting signal of the optimal amount of tilts based on the result of an operation which the amount 
operation part 536 of optimal tilts outputted in the amount setting mode of optimal tilts. Thereby, the 
optimal amount of tilts is set up. 

[0103] The jitter signal measurement section 540 measures the jitter electrical-potential-difference value 
generated in the jitter measurement section 539 as a jitter value. The tilt setting signal generation section 
33 outputs the tilt setting signal for setting the relative inclination (the amount of tilts) of an optical disk 
1 and a light beam as a desired include angle to the tilt servo circuit 21 . The amount operation part 536 
of optimal tilts approximates the relation of the amount of tilts set up based on the tilt setting signal 
outputted from the tilt setting signal generation section 33, and the jitter value measured by the jitter 
signal measurement section 540 to a secondary function with the least square method. Based on the 
secondary function concerned, the amount of tilts from which the jitter value over change of the amount 
of tilts turns into extremal value (minimal value) is computed as the result of an operation. The result-of- 
an-operation judging section 537 outputs the result of an operation, and the amount of tilts and the 
command which makes the relation of a jitter value re-measure to the tilt setting signal generation 
section 33, when it judges whether the result of an operation computed by the amount operation part 536 
of optimal tilts is over predetermined operation threshold value and the result of an operation is over 
operation threshold value. When the result of an operation is not over operation threshold value, the 
result of an operation and the information that the result of an operation is in operation threshold value 
are transmitted to the tilt setting signal generation section 33. The tilt setting signal generation section 33 
sets up the inputted result of an operation as an optimal tilt value. 

[0104] In the optical disk unit of the example 6 constituted as mentioned above, the actuation is 
explained using drawing 28 . Drawing 28 is a flow chart which shows actuation of the tilt detecting 
element 520. If first the power source of an optical disk unit is switched on or an optical disk unit is 
equipped with an optical disk, the tilt setting signal generation section 33 will set the tilt detecting 
element 520 as the amount detection mode of optimal tilts (step 2801). It is in the condition which 
turned ON the focus servo and the tracking servo, and the tilt setting signal generation section 33 carries 
out the sequential output of the seven tilt setting signals decided beforehand, and the jitter signal 
measurement section 540 measures [ in / both / the amount detection mode of optimal tilts ] each jitter 
value (step 2802). With seven tilt setting signals, it changes three steps of inclinations of the optical 
pickup 3 at a time in the forward direction and the negative direction in S fixed include-angle pitches by 
making into zero criteria include angle the inclination of the criteria beforehand decided like examples 
1-4. That is, a jitter value is measured, changing the amount of tilts which is the relative inclination of 
the recording surface of an optical disk, and a light beam. 

[0105] The tilt setting signal generation section 33 outputs first the tilt setting signal which sets the 
inclination of the optical pickup 3 as the criteria include angle 0 to the tilt servo circuit 21 . After the 



criteria include angle 0 has controlled the inclination XI of the optical pickup 3, the jitter value Y (XI) 
is measured by the jitter signal measurement section 540. Then, the inclination of the optical pickup 3 is 
set as +1 step, and the jitter value Y (X2) is measured. The jitter values Y (X3), Y (X4), Y (X5), Y (X6), 
and Y (X7) over each amount of tilts are measured a total of 7 times, making it change similarly with 
inclination +2 step of the optical pickup 3, +3 step, -1 step, -2 step, and -3 step. 
[0106] In addition, zero criteria include angle is beforehand set up like the erector of a plant as follows. 
It sets like an erector, and rotating a flat criteria disk without most curvatures with a spindle motor, the 
inclination of the optical pickup 3 is adjusted and the inclination is defined as zero criteria include angle 
so that a light beam may be irradiated almost at right angles to a criteria disk. That is, to the optical disk 
whose amount of curvatures is about 0 times, the relative inclination (the amount of tilts) of the 
recording surface of an optical disk and a light beam serves as an optimum value at zero criteria include 
angle. And when the inclination of the optical pickup 3 is in agreement with zero criteria include angle, 
an angle-of-rotation detection sensor (not shown) is attached in the revolving shaft of the tilt motor 24 so 
that a zero-point signal may be outputted. Or when the inclination of the optical pickup 3 is in agreement 
with zero criteria include angle, the output circuit of an angle-of-rotation detection sensor is adjusted so 
that a zero-point signal may be outputted. Therefore, if angle of rotation of the tilt motor 24 is set as the 
include angle to which a zero-point signal is outputted, the inclination of the optical pickup 3 will 
become zero criteria include angle, and if angle of rotation of the tilt motor 24 is controlled based on the 
output of an angle-of-rotation detection sensor, the inclination of the optical pickup 3 can be set as the 
inclination from which only the predetermined include angle shifted [ include angle / zero / criteria ]. 
[0107] Next, the amount of optimal tilts is calculated based on a measurement value (step 2803). Here, 
the jitter value change to the inclination of the optical pickup 3 is shown to drawing 19 . The jitter value 
change to the inclination of the optical pickup 3 shows the property near a secondary [ about ] function 
like change of TE signal amplitude as drawing 1919 . However, the amount of tilts from which a 
secondary multiplier serves as a forward convex secondary curve, and a jitter serves as the minimum 
turns into the amount of optimal tilts. Therefore, it asks for the include angle from which the jitter value 
change to the amount of tilts is approximated to a secondary function with the least square method, and 
a jitter value becomes min. Then, the secondary function of a formula (1) is resembled, using a jitter 
value as Y (X) by using the ratio to travel S of the inclination (the amount of tilts) of optical pickup to X 
(if measurement of the seven above-mentioned steps being taken for an example X= -3, .. 0..3). When 
the operation approach is the same as that of an example 1 and the measurement value of the jitter value 
at the time of setting the amount X of tilts of the j-th measurement to Xj is set to Yj, the error amount vj 
of the value of the approximated formula (1) and the actual measurement value Yj is shown in a formula 
(2). 

[0108] It is determined that multipliers a, b, and c will make into min the sum of squares E of the error 
vj shown in a formula (3). It can ask for multipliers a, b, c, and d by solving the determinant of a 
formula (4). Here, each function [ in a formula (4) ] P (k), Q (k), and Yl are as having been shown in the 
formula (5), the formula (6), and the formula (7). Since the amount of tilts is set up with X1=0, X2=+l, 
X3=+2, X4=+3, X5=-l, X6=-2, and X7=-3, X2, X5, X3 and X6, and X4 and X7 Mutually, since the 
sign is reverse, P (1) and P (3) are set to 0, it is simplified and a formula (4) turns into a formula (8). X 
from which Y becomes maximum with the secondary function of a formula (1) is calculated by the 
formula (9), and the secondary multiplier a and the primary multiplier b can be computed from the jitter 
value Yj and formula (8) which were measured. When these are summarized, Xmin (value of X from 
which Y becomes the minimal value) is shown by the formula which transposed Xmax of a formula (9) 
and a formula (10) to Xmin. Moreover, it can ask for the secondary multiplier a by the formula (1 1). 
[0109] By the above, it can ask for the include angle theta of the amount of tilts from which a jitter value 
turns into the minimum value by the product of Xmin computed by S travel and the formula (9) 
(theta=SxXmin). For example, drawing 20 shows the secondary curve which approximated travel S to 
the secondary function with the least square method based on a plot and measurement value of the jitter 
electrical-potential-difference value measured while changing the amount of tilts at 0.2 degrees, and is 
the case where calculated Xmin(s) are 1.05 steps. The amount of tilts from which a jitter value serves as 



min at this time becomes 0.21 degrees. Thus, the amount operation part 536 of optimal tilts 
approximates the relation of the amount of tilts set up based on the tilt setting signal outputted from the 
tilt setting signal generation section 33, and the jitter electrical-potential-difference value measured by 
the jitter signal measurement section 540 to a secondary function with the least square method as 
mentioned above, and computes the amount of tilts from which the jitter value over change of the 
amount of tilts serves as min as the result of an operation. 

[0110] Next, actuation of the result-of-an-operation judging section 537 is explained. First, in order that 
the result-of-an-operation judging section 537 may calculate correctly the true amount of optimal tilts 
from which a jitter value serves as min, the result of an operation computed by the amount operation 
part 536 of optimal tilts judges whether it is over predetermined operation threshold value (step 2804). 
Drawing 21 shows the jitter value change to the amount of tilts at the time of being about 2.75 times 
whose true amounts of optimal tilts from which a jitter value serves as min are S= 0.2 travel with a 
broken line. For example, the amount of curvatures of an optical disk 1 is extremely large, and when it is 
about -0.55 degrees, it will be in such a condition. In this case, the plot of a white round head shows the 
measured value which was made to carry out **3 step change of the amount of tilts at one steps [ 0.2 ] to 
zero criteria include angle, and measured the jitter electrical-potential-difference value. Moreover, a 
continuous line shows the secondary curve approximated with the least square method using this 
measurement value. Since true extremal value (the amount of tilts from which a jitter value serves as 
min) is near -3 step which is the maximum step by the side of minus so that clearly from drawing 21 , 
the extremal value computed from the measured value in **3 step will become -3.6 step in response to 
the effect of a measurement error. 

[0111] Thus, in order to prevent the miscalculation appearance of the amount of optimal tilts in case the 
amount of optimal tilts from which a jitter value serves as min is greatly shifted from the criteria include 
angle, operation threshold value is set up beforehand, and when the result of an operation is over the 
operation threshold value, it progresses to step 2805. In step 2805, a criteria include angle is shifted in 
the direction in which the result of an operation has shifted, and is reset, a criteria include angle of tilt 
setting signal with which the tilt setting signal generation section 33 outputs the result-of-an-operation 
judging section 537 when the result of an operation is specifically over operation threshold value by the 
side of -3.6 step and minus like this example by using operation threshold value as **2 step minus-side - 
- 2 step ******- it orders like. That is, a criteria include angle is reset and re-measured at the include 
angle of -0.4 degrees. Return and the tilt setting signal generation section 33 output zero step, +1 step, 
+2 step, +3 step, -1 step, -2 step, -3 step, and the changed tilt setting signal to step 2802 to a new criteria 
include angle again. The jitter value over each amount of tilts (tilt setting signal) is measured a total of 7 
times. 

[01 12] The plot of the black dot in drawing 21 is the re-measured jitter electrical-potential-difference 
value, and the extremal value approximated and computed with the least square method using this 
measurement value is in agreement with the true extremal value of optimal tilts from which a jitter value 
serves as min, i.e., the amount. Again, the result of an operation by which the result-of-an-operation 
judging section 537 was computed by the amount operation part 536 of optimal tilts judges whether it is 
over predetermined operation threshold value (step 2804). If the result of an operation is in operation 
threshold value, it will progress to step 2806. In step 2806, the tilt setting signal generation section 33 
sets the tilt detecting element 520 as the amount setting mode of optimal tilts. Next, the tilt setting signal 
generation section 33 outputs the optimal tilt setting signal according to the inputted result of an 
operation (step 2807). The tilt drive 26 carries out the tilt of the optical disk 1 the optimal. 
[01 13] On the contrary, when the result measured and calculated at **3 step by making 0 times into a 
criteria include angle when the amount of curvatures of an optical disk 1 was large to a plus side is over 
the operation threshold value by the side of plus (+2 step), in step 2805, it turns [ +2 step ** ] on a 
criteria include angle plus-side, and re-measurement and a re-operation are performed (steps 2802 and 
2803). The amount of optimal tilts can be correctly calculated by resetting a criteria include angle and 
performing re-measurement and a re-operation by these, also when the amount of curvatures of an 
optical disk is extremely large and the amount of optimal tilts is greatly shifted from the criteria include 
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angle. 

[0114] Furthermore, the secondary multiplier in the secondary function which approximated the result- 
of-an-operation judging section 537 with the least square method performs forward or a negative 
judgment. Drawing 22 shows the jitter electrical-potential-difference value change to the amount of tilts 
when the true amount of optimal tilts is still larger than the case where drawing 21 shows with a broken 
line, when it is about 3.7 times [ which is S= 0.2 travel ] the true amount of optimal tilts of this from 
which a jitter value serves as min. In this case, the plot of a white round head shows the measured value 
which was made to carry out **3 step change of the amount of tilts at one steps [ 0.2 ] to zero criteria 
include angle, and measured the jitter electrical-potential-difference value. Moreover, a continuous line 
shows the secondary curve approximated with the least square method using this measurement value. 
[01 15] Thus, when the true amount of optimal tilts is greatly shifted from the criteria include angle to 
the minus side, a jitter value becomes the curve of a monotone increase mold, and the multiplier of the 
secondary curve approximated with the least square method becomes easy to be influenced of a noise 
etc. For example, as shown in drawing 22 R> 2, when the jitter value in +3 travel has measured smaller 
than true value, if Y (X) is approximated with the least square method, approximation which was 
mistaken on the convex secondary curve will be performed. Therefore, the secondary multiplier a shown 
by the formula (1 1) is computed with a negative value, and the result of an operation is computed as 
value [ amount / of optimal tilts / true ] completely shifted. In this case, it will specifically compute with 
result-of-an-operation Xmin=+8.8 step to 2 order multiplier a=-6.71. 

[0116] In order to prevent such fault, the result-of-an-operation judging section 537 judges whether an 
error is in an operation by the positive/negative of a secondary multiplier, when a secondary multiplier is 
negative, it judges with the result of an operation not being right, and resets a criteria include angle. In 
resetting of a criteria include angle, the direction which should shift a criteria include angle by the 
positive/negative of the result of an operation computed as extremal value is judged. When the result of 
an operation is forward, it turns [ 2 step ** ] on a criteria include angle minus-side, and in a negative 
case, it is 2 step ****** to a plus side. Since the result of an operation is forward when shown in 
drawing 2222 , it turns [ 2 step ** ] on a criteria include angle minus-side, and re-measurement and a re- 
operation are performed. It is the jitter electrical-potential-difference value to which the plot of the black 
dot in drawing 22 shifted and re-measured the criteria include angle to the minus side, and the extremal 
value approximated and computed with the least square method using this measurement value is in 
agreement with the true extremal value of optimal tilts from which a jitter value serves as min, i.e., the 
amount. 

[0117] As mentioned above, carrying out **3 travel change of the amount of tilts a core [ a criteria 
include angle ], in order to calculate the recording surface of an optical disk, and the optimum value of 
the relative inclination of a light beam with a sufficient precision as an inclination from which a jitter 
serves as min, even when the amount of curvatures of an optical disk 1 is large, this example 6 
approximates the relation between the amount of tilts, and a jitter value to a secondary function with the 
least square method, and computes the amount of optimal tilts from which a jitter value turns into 
extremal value as the result of an operation. And even when the amount of curvatures of an optical disk 
1 is large, in order to mistake the amount of optimal tilts and to ask that there is nothing First, it judges 
whether it is over **2 step which the result of an operation set up as operation threshold value. When 
the result of an operation is over the operation threshold value by the side of plus, only +2 step shifts and 
resets a criteria include angle, when the result of an operation is over the operation threshold value by 
the side of minus, only -2 step is shifted and reset, and re-measurement and a re-operation are 
performed. Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result 
of an operation is called for re-measurement and by re-calculating. 

[0118] Furthermore, while the secondary multiplier in the approximated secondary function judges 
forward or negative, the result of an operation judges the forward direction, the negative direction, or 
whether (whether the amount of tilts in extremal value to be a forward value or a forward negative value 
to a criteria include angle) on the basis of a criteria include angle. When a secondary multiplier is 
negative, it judges with an error being in the result of an operation, and a criteria include angle is reset. 



On the basis of a criteria include angle, in the case of a plus direction (the amount of tilts in extremal 
value is a forward value to a criteria include angle), only -2 step shifts a criteria include angle, the result 
of an operation resets it, on the basis of a criteria include angle, only +2 step shifts a criteria include 
angle, the result of an operation resets it in the case of the minus direction (the amount of tilts in 
extremal value is a negative value to a criteria include angle), and re-measurement and a re-operation are 
performed. Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result 
of an operation is called for re-measurement and by re-calculating. 

[0119] The tilt setting signal generation section 33 memorizes the right result of an operation as an 
amount of optimal tilts, the time of record or playback actuation - (-- it is the amount setting mode of 
optimal tilts.) - the tilt setting signal generation section 33 outputs the tilt setting signal for setting it as 
the amount of optimal tilts to the tilt servo circuit 21, and the relative inclination of an optical disk 1 and 
a light beam is controlled by the tilt servo circuit 21 by the amount of optimal tilts. As mentioned above, 
according to the configuration of the example 6 of this invention, without forming special detection 
equipments, such as a tilt sensor, even when the amount of curvatures of an optical disk is large, the 
optical disk unit which can detect correctly the inclination of the recording surface of an optical disk to 
the optical axis of a light beam with a jitter signal, and can control the inclination of the recording 
surface of an optical disk to the optical axis of a light beam with a precision sufficient at the optimal 
include angle is offered. Although the error of whenever [ in a tilt sensor / tilt angle ], and whenever [ in 
an optical pickup 3 / tilt angle ] was a problem in the conventional example using a separate tilt sensor, 
there cannot be no such an error in the optical disk unit of this invention which computes the optimal 
amount of tilts based on the reflected light which the optical pickup 3 inputted. 
[0120] «example 7» The optical disk unit of the example 7 of this invention is explained hereafter, 
referring to a drawing. In the example 7, the tilt drive was considered as the configuration which 
changes the include angle of the objective lens 4 which converges a light beam. In the examples 1-6, in 
order to change the amount of tilts, the inclination of the optical pickup 3 was changed, but the same 
effectiveness is acquired even if it makes it the configuration which changes the inclination of an 
objective lens 4. That is, a light beam can change the include angle which carries out incidence to the 
recording surface of an optical disk 3 by changing the inclination of an objective lens 4. Therefore, in 
this example 7, the amount of optimal tilts from which TE signal amplitude serves as max can be 
calculated, changing the amount of tilts by changing the inclination of an objective lens 4 like an 
example 1. 

[0121] The configuration of the tilt actuator which leans an objective lens 4 to drawing 23 is shown. The 
tilt actuator consists of a magnet 8, an inner circumference side focus drive coil 641, and a periphery 
side focus drive coil 642. If an electrical potential difference in phase is applied to the inner 
circumference side focus drive coil 641 and the periphery side focus coil 642, an objective lens 4 will be 
driven in the direction of a focus (the vertical direction). Moreover, if the electrical potential difference 
of an opposite phase is applied to the inner circumference side focus drive coil 641 and the periphery 
side focus coil 642, an objective lens 4 inclines and can control whenever [ angle-of-inclination / of an 
objective lens 4 ] by controlling the electrical potential difference inputted into these coils. 
[0122] Drawing 24 is the block diagram showing the configuration of the optical disk unit of the 
example 7 of this invention. Compared with the configuration of drawing 1 , the optical disk unit of an 
example 7 is characteristic in carrying out adjustable [ of the tilt ], and replacing with the tilt servo 
circuit 21 and having the tilt servo section 621 by changing the include angle of the objective lens 4 of 
an optical pickup 3. The output signal of the tilt servo circuit section 621 is added with the output signal 
of the focus servo circuit 6, and an objective lens 4 is driven with the addition signal concerned. 
[0123] Drawing 25 is ****** which shows the configuration of the tilt servo circuit 621. The tilt servo 
circuit 621 controls the inclination of an objective lens 4 so that whenever [ illuminating-angle / of the 
light beam irradiated by the optical disk 1 ] turns into a desired include angle. Based on the tilt setting 
signal from the tilt setting signal generation section 33, it consists of the tilt servo signal generating 
section 623 which outputs a tilt servo signal, and a tilt drive circuit 643 which impresses an electrical 
potential difference to the inner circumference side focus drive coil 641 and the periphery side focus coil 



642 based on a tilt servo signal. It is the same as that of an example 1, the tilt detecting element 20 has 
the same configuration as drawing 5 , and other configurations consist of TE signal amplitude 
measurement section 35, the tilt setting signal generation section 33, amount operation part 36 of 
optimal tilts, and the result-of-an-operation judging section 637 (it replaces with the result-of-an- 
operation judging section 37 of drawing 5 , and has the result-of-an-operation judging section 637.). TE 
signal amplitude measurement section 35 measures the amplitude of the tracking error signal (TE signal) 
generated in the regenerative-signal processing circuit 19. 

[0124] The tilt setting signal generation section 33 outputs the tilt setting signal for setting the relative 
inclination (the amount of tilts) of an optical disk 1 and a light beam as a desired include angle to the tilt 
servo circuit 621. The amount operation part 36 of optimal tilts approximates the relation between the 
amount of tilts set up based on the tilt setting signal outputted from the tilt setting signal generation 
section 33, and the amplitude value of TE signal measured by TE signal amplitude measurement section 
35 to a secondary function with the least square method. The amplitude value of TE signal to change of 
the amount of tilts computes the amount of tilts used as extremal value as the result of an operation 
using the secondary function concerned. The result-of-an-operation judging section 637 outputs the 
result of an operation, and the amount of tilts and the command which makes the relation of the 
amplitude value of TE signal re-measure to the tilt setting signal generation section 33, when it judges 
whether the result of an operation computed by the amount operation part of optimal tilts is over 
predetermined operation threshold value and the result of an operation is over operation threshold value. 
When the result of an operation is not over operation threshold value, the result of an operation and the 
information that the result of an operation is in operation threshold value are transmitted to the tilt 
setting signal generation section 33. The tilt setting signal generation section 33 sets up the result of an 
operation concerned as an optimal tilt value. 

[0125] Thus, even when the amount of curvatures of an optical disk 1 is large, finally the right result of 
an operation is called for re-measurement and by re -calculating. And the tilt setting signal generation 
section 33 memorizes the right result of an operation as an amount of optimal tilts, the time of record or 
playback actuation ~ (-- it is the amount setting mode of optimal tilts.) - the tilt setting signal 
generation section 33 outputs the tilt setting signal for setting it as the amount of optimal tilts to the tilt 
servo circuit 21, and can control the relative inclination of an optical disk 1 and a light beam in the 
amount of optimal tilts by controlling the inclination of an objective lens 4 by the tilt servo circuit 621. 
As mentioned above, according to the configuration of the example 7 of this invention, without forming 
tilt drives, such as special detection equipments, tilt motors, etc., such as a tilt sensor, even when the 
amount of curvatures of an optical disk is large, the optical disk unit which can detect correctly the 
inclination of the recording surface of an optical disk to the optical axis of a light beam with a jitter 
signal, and can control the inclination of the recording surface of an optical disk to the optical axis of a 
light beam with a precision sufficient at the optimal include angle is offered. Although the error of 
whenever [ in a tilt sensor / tilt angle ], and whenever [ in an optical pickup 3 / tilt angle ] was a problem 
in the conventional example using a separate tilt sensor, there cannot be no such an error in the optical 
disk unit of this invention which computes the optimal amount of tilts based on the reflected light which 
the optical pickup 3 inputted. 

[0126] As mentioned above, since the optical disk unit of this invention can detect the amount of 
optimal tilts certainly, without forming special detection equipments, such as a tilt sensor, also when the 
amount of curvatures of an optical disk is large, it can realize a reliable tilt servo with high degree of 
accuracy very much. The configuration of the optical disk unit of this invention Therefore, DVD-R 
equipment, DVD-RAM equipment, The optical disk record regenerative apparatus which performs both 
record of DVD-RW equipment, CD-R equipment, CD-RW equipment, magneto-optic-recording 
equipment, etc., and playback, And also in which optical disk unit of optical disk regenerative apparatus, 
such as DVD-ROM equipment only for playbacks, CD-ROM equipment, and MD equipment only for 
playbacks, and the optical disk recording apparatus which performs only record, it is suitable, and it 
cannot be overemphasized that the same effectiveness is done so in any case. 
[0127] 



[Effect of the Invention] As mentioned above, the optical disk unit of this invention detects the amount 
of tilts which is the relative inclination of the recording surface of an optical disk, and a light beam using 
the regenerative signal of optical pickup. By changing the inclination of optical pickup, and the 
inclination of an objective lens, the amplitude value and the jitter value of a regenerative signal are 
measured changing the amount of tilts, and the amount of tilts and the relation of the amplitude value of 
a regenerative signal are approximated to a secondary function with the least square method. The 
amount of tilts from which the amplitude value of a regenerative signal to change of the amount of tilts 
serves as max, or the amount of tilts from which a jitter value serves as min is computed, and it 
considers as the amount of optimal tilts. Since it corresponded when the amount of curvatures of an 
optical disk is still extremely larger and the grace of a regenerative signal falls remarkably, when a 
means by which the computed amount of optimal tilts judges whether it is the right was established and 
it judged with it not being right, the amount of tilts was again changed in the include-angle range 
corresponding to the curvature include angle of an optical disk, and it considered as the configuration 
which performs re-measurement and a re-operation. It becomes possible not to be concerned with the 
size of the amount of curvatures of an optical disk, to detect correctly the inclination of the recording 
surface of an optical disk to the optical axis of a light beam, and to control the inclination of the 
recording surface of an optical disk to the optical axis of a light beam with a precision sufficient at the 
optimal include angle by this configuration, without forming special detection equipments, such as a tilt 
sensor. Therefore, it is small and a thin shape, and a reliable optical disk unit can be realized. 
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20 

[0021] ^mmm 1 1 <o«j£n. mimmtiZm 
jean*. fiE2OTao2<)c^a*fiE*^A^w^rs 

>i>h&<r)*btgci>hwmB&&£tLx. man* 
m^iz x ^xwsizti&mtf-A' ha#miwm%.tz 
MixjEXfoizimtzmsizm^Mztuzmemmm?) 
^x'bhiEmimk. mz&^m^izx^xmzLZ 
iihwm-iv vmmmmftr&£ttLxfUito\z®m. 
i-&m&izitmtifzffim%ffi(r>¥£ix-b&nm¥£} 
30 mttt'Mmzimu mffimi~t^m®m$x$f. 
iti£*i*B?Ese?-* hmimmmft&tzitLxiEji 
mzimL^mttmy-tmtfmmmy-tmx o *> 

mftgiizft LxttfotimLt^mt&mvimtm 

]E)jfa£m%m*iimfcthXoiz?mfcL. mm^ 
40 Y-mMm^^M^m^mmmw^^ftrzi^izii. 

mzmtxmM^h^m&^it^-tizb ^omieh 

k-tZ>m5<r)ffijS.<7tftT< xtmmX'hh. ftrix? 

fi<h&zjEmz®ftL. n>*^f-j\shmmm%#mzt8 
so %&<®mhzkimmx-bh. 



(9 

1 5 

[0022] 4&m<n& 1 2 nmm. mMWkmmi^ 
wt&n&ijmvv^yy^y-tm-Qh^x. wis 

b&ztzmibt&mi. 2. 3. 4. 6. sxm 
0<nmmrtftTiX93mxb&. -^y/i?- 

[0023] *&Bfl<0SB 1 3 <7>«&£fcL mSS^m^ 

mmmsFchhztimkt-thm. 2, 3. 4. 
t. 

[0024] *m<?>m 1 4 <Ofi!fi!t»i. KfSB^ffi-fth 

asa^'-y ?<i^tt»arc* *> z t &¥mt -rs 
*1. 2. 3. 5. 7. 9X»il \<m&.<m?r<x9 

[0025] #?&BH<7)!g 1 5 <mm±. wb&* hwm 

mvfcrixtm.x'bh. ^hmtmmmm 
mitt. maxhi&z&trt. 

[0026] 

n^mmirMim^Ltimmiz^x. ait 1 & 
[0027] <niipii>jaT. *mi<7mmi<vtt 30 
0 1 ittrnxmum 1 ^str < x9mi<omm^t 

7av7WCt>&. muza^x. *~r<x91\tx\l 

v hvi^-? 2£ j o-nnteKiiSti. xevH;«- 
^2<0HHK^«SE»ixtyH;H»--^lHl» (H^tH*) 
fcioT3yhn-;^flS. 3^t»/?T«yT3 (* 

KW&tr?) X^mm&£&&1XX%&\£v?Tv7 40 
3fcm*u 3fcr-f^^lK:IE»StLS. fcT<X91 

frh&m^fmmn\}miim>mm<i 9x2m. 
itmizmztiz. 

[0 0 2 8] %mi»;?T~/73<fimhVVXA\*~?? 
*vb8t7*-itxm>3'i>l>9bXmj8.ZtVk7* 
-Jl XT 9 +2.2.-9 7 liZX ^Tftt'-AtftffcStfrr&i 

(7*- fixate) izmsztiz. 7*-iix*r-im 

»6tt5£?tr y ? T y 7 3i^iBlt$*lfc3fch'-A£5fc 
3>f^9tQttirtSmffS:«y«ILT«%WyX4<0^ 50 
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1 6 

•y h8fc h77^y/H3^ /H 0 fcTliJftSitfch 
^y^r^T^f-jLX-^ 1 1 fcJ:-5T3tT^X^3<0 
mfrl&I (b7-y=¥>^|6j) £8*3*16. h^y* 
2»i3t^e>y^r»/T3*^aj»S#l 
^t-A$r£^ffifc:m$n^ F 7 y ?(ciHs!3-£6 
fc*>fc h 5 y *>mm3 J )V 1 0fcfW6SE£iBI 

WLxmivyxAcoy&mm.zovYu-fr'th. % 

«y ? 7 y 7-3 *>£>«fefl^£g£ LTH^fl 
^t^EKK 9T#j£S*U 7*- *X-9--#0»6a 

[0029] 97 v7*m%&*&m&m 
&tt%&\:v97v7mfrm 3Uh7'<-x*- 

914^ »-YX9V*.*n 5. 7-/716. 2itf#4 
Htt 1 7-Cfl&£S*U h 5A'-xt-^ 1 4 tOEWEWlfc 
JBSStlfcy-K^Ua^l 5«^tT«y^r-y7-3 
fc@£$*ifc7y;/*l 6k&&Lxm. %^^97 

~,73\tiu mi 7 iz£^xwm*!miz3mztix^ 

6. ZLX%&Vv97-773\i. U-KX^Ua^l 
5 fc 5 »/ 7 1 6 S-^LTSl^iut h 5 A-xt-* 1 

4 onus h )V9 tc J: x^tf < x 9 1 <vm$fa\3m 

[0030] ^01fc^L^^M[aai82 6 
jVYsmtm \2m\Z~t97v73*ftTAX9\<r) 

zmftizmwmizjmt&xj mi 7<mw%n 

&2t:$&L2it&Zkt£X *)%&t!v97 y73(r>%?r 

< x9 1 tvmm z^fcZitztrnxb o . ±~9 

=¥T27. f-/Uh^-y^28. f-;Ph^A29. +>VY 
7*nr30, #4FWB£K3 1AZW'f FN17* 
#tf. f-^h-9--,-Klii»2 l*^<0f-;Ph^iWEfcJ: 
oT^h ; E-^243WflIlKL.. t-^^T27t^ 
h 5 -y ^ 2 8 Srtf LTf-^ A 2 9#M»ffi!)£ft 

^h*A2 9<0M3^«!)fcJ:->Tf-^b*A2 9 
<Dmmtz%&i!ti*:+frh7*v73 0#±.TL. * 
)Vh7*u730 <7)±TW3lz X 0 F 7 * or 3 0 c 

-muzm^tv^^ mmm3 lwi^i -s. t 

**o^-f K*l 7Ji-ew^3g^4"Wc|ili)ettfc: 

^s^tv%s. l^o-c. #jmm.i&.3i<D± 

^hr-y^T>y7-3<y)«#*m>6. ia±Oj: dfc^kh 
t-^24 Jrllie^-frSClttcJ: 03t^ty ^T-/T3 
<0«^*^*> *).%r?lX91 fcKWS<i**tf-A*> 

*-92 4 (nmkzumth z t tc x *)%t < x9 1 iz 
m2tiz>%t'-j*<?>ffltffig.mmcoft&iz%& x o 

tizayhu-fr-f&ZttfXZh. 
[0031] H2£?-;H^-tfl9]»2 lom&Z* 
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77-/73<^££iB#f£fc«>oii!ffi-c&9. &5£f ^httaittaart-*. -fuel 9. gj&o^h 
£^/i^8Kti&2 otcffij£$*vo>Sf-/i^ibgfI^£ 

&S53 3frfcOf-*h»e»*Hc*'2& , f*Mh-# [0035] TEfi^S^ff-a«3 5H. J9£ff<H8a 

«**m^4**M^#«S«*«2 3fc, f-^b 0?&1 9?^«lfch?**yXx?Ht* (TEf 

t0 0 3 2]»C(C3te^ey^ryr3tCgft^<TJt5tSi 10 ffa$*lfcTEfi^£7)«itifii:^ll«^fi/hZSIffifc:J: 

JHffi3 4fcB41t^!railIS819tSU-CH3i:H45- 9 2iKWa(3efclU Mf^tfJII&fcS^vvtTEfl^ 

fflvvtaMW"*. S3tt^a5«3 4<0ffifi£fcftT>r;*. *>iHi«#«ifi («*«) fc&**-*MI (f-^MBE 

^i*»A>cosit3K«Pi«^Lfct»T&i.. 3e«ajs ©#"efcftO. ) £S0t«£fcLT&atf-6. SJS^ 

34li#£«£;K*:4o<Z>g3l£^A. B. C, Dti>t>m *hftA££lrvr. 3fct>?7?T3#A:frrSK8ftfc 

hub 1 9 . H4 [imkm^nm®® 1 9 £ [ 0 0 3 6 1 «s%«fj^a!3 7 ua*^ vmrnnu 

*t. mmmmm 1 9unmm3 4com^m^ 3 6-e©aj$nfe«»«s*&^^S[S»#«^«8xT 

a. b, c, d*»6, b7^y/X7- (TE) V^*jWS6»*W&r*. «lGte«* J ^»IS*«$:iSi.T 
= (a + d) - (b + c) . 7t-*Xl5- (FE) 20 Hfcfltefctt. 8S*6*fc. f;^l^if (^h 

ft^= (a + c) - (b + d) . RFfl^-= (a + b+ fi) tTEms&mmmto&mmZit&ll&bZ 

c+d) twETEflrett, h9v*>*y- +frhwsm^&j8&33£iiij}-ri>. **mr£b-* 

sK-y hfcftr* X? l<oa»fflt:m3K-rS^«>fc*t!BjV /l^^5£fl#£ji!cSS3 3fc€SaW4. **MR£R9£ 
[0 0 3 3] 05fc^M5jaiaJ2O<Ofl|«$-Srr. 

^h8*aj«20tt. TEflmHEffl»3 5, *lH*R 30 [0037] *7Wl«flW4*»3 3li, %~r<X9 

%.m£i8M3 3 . ft*** hM«mS53 6&tfSiJMS l fcftb*-A<r>ffi*tSI£ (^hfi) S-MS^ftSta 

*fl^S3 7*><i>*tj£$*iTV>S. 3fcb>?T>yT3« 3&T«fc»«)f-^hajai#*^M^-sKEW2 1 1 

£^£**-ri>^htaiua52oi±. *mwm<r> m&)VYm^-Y\z^x\mm\zM&\,tz3 

**-Ffc^^h*^E-Kfc<02otf>tMFe- ^-Kfci>^TJiSja^b»Si^3 6#itJ:>jLfc 

[0034]^ hmSfi^4j«SI53 3 ^filOl «) tC^$n&. 

Mft^e-f4«»33tt, Sji^hfi^ait-Ktfc 026tt. ^;PM*tt5J352 0Wi!^?:^7n-^ 

v^T»43ojy±<0 (HSS0i|fctJV>T{47o<O) P^2.f- ^-h-C*&. SUK:. 3tr^^^HB<0S«*^A$ 

) . TEmm§mm3*>\tt «if-;n»*«ajt-H«R»tt uf7726o 
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friz. *y^^5£<i^fej£gS3 3l;H*> 

^mmm3 5 it^ti^ti^TEm^mm^mi 
§ x 1 vmnm 0 fcsi«$^«STTEm^fi^- 

81353 5trioTTEfi-tc7)g^Y (XI) m&t 
h. m^X%&V v77v73<r>M%t:+lA7-"/7£ 
1££U TEfE^HiftY (X2) $rtt»T5. P« 
t^try^T>y7-3c7)ffl#$- + 2XxyT. +3Xf 

-fk?-ii:^^#f-;PhSt:i«-STE^<ojaBeY 

(X3) . Y (X4) . Y (X5) . Y (X6) . Y 

(X7> *-&§t7mmtz>. 
[0039] ^n&ommr^ioizsmi. 

;1^E-^2(cJ:o-C|5Hk$^3&5(?>. 3fcfc*-A#SlpT 

T30«££f^U -E-O«#^»JlftS0Sfc^-r 
4. -r^rfc*.. R9a#15SO£«93fcT-rx?fc*tLT 
Jg 0 St*3tr 4 X ? vmm t ftb'- AOffl** 

r*,73<m*vw$>ft&omz~&vizmzm&m 

^bt-^24<OH»Kttfc]R0#*t4. JUi. 3t?t7 
^T-yT3Offl^*^|iftS0S{C-aL^H^jSm 

-^24 (mw$mzm&tiiii%&*: 7^7773^ 

-rtuf. %&Kv?7v73<m%zmft&.oW}>t> 
[ 0 0 4 0 1 frajeic«-3ivc«3?-/t-ha£isi 

*t£ (Xr«x7-260 3) . ZZX\ m6iZ%&Vy 
? T -y 7 3 § WW h T E tt9flff . 

mot H 0 TEfi^^#^fcfr6£jg<ojfiircfi 

T Ed^B^fttf/J^ ^ JbJ2?)J: 0 

y 7frgS£t >y f-Tst^t-y ?7* y7"30«§ £ 
SMLS-tttilSlfcfcL '^^f7 7ft£-C£»la|08i5£ 
^fT*>^V^TE^ig«B*5fc*:fc^SS^S^jEll 
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r~,73<?>miizm-hTEm^w§^iWfi\mr& 
M&izi&^m:t:*j-ztizmmi. TEm^fflmg 
fct&^-mmizi ot 2<fcre&t:ieteU'CTEfi^g 

y7<m% (i-iuhm.) ^xxyrftjgsfcfcwsitfc 
x (±m<r)7X7-v7<nmfc*mizWxlfx.=-3, ■ 

■ 0 • • 3) . TE^fiS^Y (X) bLX. Y 
10 (X) £sS ( 1 ) <02»SSarCiglH-f 
[0041] 

[»1] 

Y(X)=aX 2 +bX+c (1) 

[0 04 2]SB£j|i|g<7> 7 vWh:lX£Xj 
OTE^Jg^fHBfi^Y j fc-TSt. iSfiU:* 
( 1 ) cofifc^Ofha«Y j kim^tzMALt:/4 

xm<?m®xi%£izte-^s<.Lz\\ zntzomm.* 

vjfcLT. ^ilv j ( 2 ) fc^-t. 
[0043] 
20 [»2] 

aX j 2 +b^+c-Y i =v i ( 2 ) 



30 



40 



[0 044]ft/JO38£li. 5$ (3) fc^ttidtC^H 
vj<7)r»WES-S/hti-^J:dfc«aa. b. 

[0045] 
[S3] 



N 



Ev*=E 
j=l J 



(3) 



[0046] fi/KZStSrm. E #ft/Nc££ i: £ 
&^&£(4)<^!l5$£-jBrof. a. b. cOfiJr^ 

[0047] 
[84] 



(4) 



P(4) 


P(3) 


P(2)' 


a 




Q(2) 


P(3) 


P(2) 


P(l) 


b 




Q(l) 


P(2) 


P(l) 


N 

J 


c 




Yl 



[0048] ZZ.X*. ^(4) *<V&®&P (k) . Q 
(k) . YHiit (5) , ^(6) , ^ (7) iZTfilt: 

[0049] 
[»5] 



50 



(12) 



21 



N 



P(k)=2X, k (k=l~4) 
J=l 



(5) 



N 

yi=Sy, 

j=l 
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(7) 



[0050] 
[»6] 



N 



Q(k)=£X J k Y J (k=l~4) 



(6) 



[0051] 
[»7] 



196 
0 











0 


28 


a 


Q(2) 


28 


0 


b 


= Q(l) 


0 


7 J 


c 
I J 


Yl 



[ 0 0 54 ] 5S ( 1 ) c02<JcB8arCY*»'fe*;«fc^| > X 
ti. 5« (9) -Ca^flS. 2ifc«iaai: li*8»b 
tt» H-HLfcTE<i-5^>fillttY j i:sS (8) A^gii} 

•ess. 

[0055] 
[»9] 

-2a 

3W= .. (9) 



[0052] ZZX, f-;l^hft»iXl=0. X2=+ 

1, X3 = + 2, X4=+3. X5=-K X6=- 

2, X7 = -3t^-n.<OT, X2fcX5, X3tX 

(IK P (3) iiOt**). 5U4)li. ISS^ix 
10 T5U8) tc&S. 
[0053] 
[&8] 



(8) 



[0056] Z.tlt>Z£tib&bi8l (9) <0Xmax 

20 ( Y#a*:«i:&.&x<oe) u. * ( 1 o ) -e*$n 

£. *fc2<fcft»a|±5S (11) ZkWCZ 

[0057] 
[RIO] 



-1.5 



S^-y^+BCys-yp+Cyj-yg) 
S^+y^-aCyj+y^y, 



(10) 



[0058] * A [SI 1] 

5(y 4 4y T )-3(y 2 + y6 )-4 yi 
a = (11) 

84 

[0059] jjuhfcJ: o „ TE^^iiWfb^ffifc A^fctm-hTEimvyfflmtfmxtK&i-juhm 

%h*frYmMVie\^ Xx-y7-ftSSJSfc^(9) ^SDgftfcLTSffirS. 

•CmttJ^n^XmaxCOBCe^feS^t^'-C^S (0= ' [ 0 0 6 0 ] ifcfc. jg3tQ&8TOSI5 3 7 li. TEfl^g 

SXXmax) . mt\f. E7t±Xx yTftJgfcO. 2 40 <i*Jfi^t^K<?5aa^;l-b»$riE«i(C**S^i6 

ST^ha^^S-fr^^thjfflLfcTEm^fig fc. «@^^FftSI«a53 6Tfl[aj§iT^:iig»«£m*^ 

mm.&mkLteTdmm^LKL^nxh*). 7-2 6 04 ) . m8teTEm j 5mmtf8±t%&n<m. 

flfcXmaxtfl. 0 5Xf yTTfc-oJt^-eftS. jtfrt'MbPX^yT'AKO • 2JK<7)#2. 7 5^T* 
^fc^TEm^lffijW^fc&S^KlttO. 2 ->^^-<0^h«t^«-STE^j®lB<0^«r«5S 

i«i:^5. ^^>j;dfc®i^h*Si»aJ3 6i±. x'*t. mm. Kr-tx? i<r>$.*)m&wt$fc.±% 
)vvmLm>&m3 ^is^^^tut^ivvwcsm <. -o. 5 5sest,S)->/i^^ir^o«td^« 

3 5£i^XWrmZtl*:TEm^c?mmmnmZ±m X1Xtv70. 2rc±3XTy7-3Hb$-£TTEf| 
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tsatcs**-. mstptMt.ixoxoiziknWM. (te 

Iflll^k^Sf^M) tf~?4TXWr>S±X 

±3Xr yrT-<0jB^ffl*^®aiLfeffiffi 
{±-3. 6Xrv7k%->XL£o. 

[0061] zffiXoizTEm^m^mit^hmm 
^hmtfmftm*t>±z <-rtix^i>^kmm^ 

x-y7'2 6 0 5t:atf. Xr-/7*2 6 0 5fct5V^T. S 

mn&imn^ifi^tix^im^y h txnm. 
-r&. mmMimm#m±2XTv7b tx. m 

momM<mm$mix^ti®$Mi. mmsmm 

f&rth . ?%b*>mmt: -0.4 
5gLTi?!t«rc-£. St/^x>yr2 6 0 2tcMO. 
Mfcgm#£j£SI5 3 3 ttSrfc£«ii!ft£t# L"C 0 Xf 
<y7^ +1XT7 7'. +2Xf')'7 , < + 3Xf"y7\ - 
lX-f -y7\ -2Xf77, -3XT/Tfc^$*t 

^) tm-STEm^OSSfiSr-&H-7HIIt«t«.. 
[ 0 0 6 2 ] 08 £45»7S«H.07D >y h*qpt*j Lfc 
TEft^iK@«Ti>9, CKOtraWifflV^-Cg/MJUffi 
TmiL. m <ffi*fi) S:**^ (Xf772 6 0 
3) . SiliLfcffitttt. TEff^S^fc^fc^l,^ 

ea. -re****** Kit-str*. nv. nmm 
%mm3Hi. mwbmm%3 6-egajsji*: 

-f* Ur>y72 6 04) . ^WlSW^Sm^firt-C 
Sytllf. Xfv72606£Mtt. Xr>y 7*2 6 0 6£ 

o £«s^ bft^t- h cmfctz . act: . i* 

if-A'ha^m-t^asirt-ft (xx »/72 60 7) . + 
)vvwam®2t>^ %?f i x? \*®mz.-i-)VYZik 

[0 0 6 3] itr 4 X? \<7)&.*)ftlfi7yX&\Z 

ma ■ mntt:tti%&T7xmcr)mgmRm (+2x7- 

77) ZMz.X^t:i&&MtX7-yy'2 6 0 5tzt5^X 

m$\%.*~Tyxmz+2XTv7-rhLx. mm- 

?mg-S:fTO Uf772602. 26 03) . Ztlt> 
[0 0 64] fcUKDJdt. *Hte0!l(i. 3fcT4X? 
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b'-A^ffl««^<7)gJia^TE<i^jgS*«g*i:?j:5 

mk*bkLx±3x^v7fimk£ttwt>. 
b&kTEm^vmmvmzmzm&zx 0 2# 

W»fci6teU TEg^j^fitfflWfcSrSgJg^ 
<WL 0=5r< 
10 ±2XTv7tM£X^Z>i)<&}>£n£L. 

r^xm^mnm^mimix^ti^zitmm^ 

+ 2X7-~,7W?i't>LXm&L. iHSW?^t 
3. 

[006 5] LlzW-oX. ftf < X? l<r)8.*)m&±% 

v^-Ttsn-a • spurts -fc fc«t 0 . **tttjE 

U^3»S&#:fctf>*»iiS. ?-/H^fI^4D£g|53 3 
te. jEU^JI*gSI£fiB^h»fc LXW&th. IE 
20 »fcL<lili£lWt^l6fc:li <fatf-/H*SSS&E-K 
fc5r->TV>S. ) . ^hgS£#t£j£&3 3#. £3 

i-ti bmizw&?ht:#xr)i-H' h Wfefs^t: +)V v+r- 

#0»2 1 fcifcftU **K!h-tfHB2 1 fcJ:-5T3t 

3ttst:*«-S3tr * x?<nm$m<7>mz ZjEmzmm 

30 mzmttmz&m<mm-$-izbtfX'Zi>%T 
ix?m.zmm-&. mtm^h^y^^m^h% 

*mz&^X\tt-fr b-fey^tctJ nz+tv bft&k%v 
i9 T 7 3 ttstt S ^ hftg t ^H^^i-Cfc o 
fc*. 3te-y^T-yr3^7JjL>t:R«3tfc:*-^^Tfi 

[0066] mM2>&T.*mmmm2<vft 

*fw*7)H*sg!2co3tx-f x^gati. mkm 1 tfc^t 
40 3 7 ?>iwfc9*#. ni«s0« 1 tn* 

s. iasw2c7)iii»*gmw^ai&i3 7k-rs. ^coffi 

«S*utf-*h*k. TEfi^fi4ilt«a53 5fc«J:oT 
Z»atJ;"9 2»^fc:ififfiL. ^YMfn^mzm 

z>TEm%m&<7>£tt.c?>mz®nmkk Lx&Kt 

50 
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[0067] -£L"c. mffl2£&vz>mmiismmt$ 

^S;fr|6]£¥»S. 09tt. TEfI^Hl#ft*fc5: 

acit-ta t e mnmcr>%{t£imT^-t. zcot§& 

^hSS»#gOJgfc*tL-ClXx-yTO. 2 

jre± 3xry^^s*TTEii^s^a^Lfca 

X&^zmX'K&LLt: 2^lBl«l*|gST^. 
[ 0 0 6 8 ] Z<D X o £M<r>Wmi->V hMii^A^ 

xmxnTEmmmwtftiz'bZ < & *) sAXtazm 

m.\mi9tZ5frt£oiZ+3XT»/7ftgXcr) 

TEmmmvte. x o** < its lt l * owm#± 
m*zmKm&&tT£&ff>2&m£m'?t: 

%.mft->T It o . UaP->T* 5$ ( 1 1 ) Lfc 
2<fcft»aS:iE«fc3iaiU ES^i JE**^* h 

tt«fc:li2<H*Ra = 6. 7 1C, MXmax= 
8. 8^ryTi:ttajLTLi:5. 
[ 0 0 6 9 ] z\<0 X o ttM&m<fi:ibiz. 

m.&i37\i. 2&m.<?>JEfi~emmzm*)#i>hir' 

S*»*Wet, 2iRffia* { iE<0^fc«SISIS«* J jEL 

-r*>u %<7>%&£Ai.r=7xm\,z2XTv??t>-t. m 
mni-xmz2x^?-¥*>Lx. mm mm. 
4+xmz-ft, Lxmm LtiTEmnwmxh o . 

[0 0 7 0] a±<nidiiz. *mfcmte. ytrix? 

mzttx. mg.&<m>zt:it>iz^ **M»£*ft 
v&tTEm^nwm<mmiWubz3miiz£ o r& 
htewsmtt ixntu-tz. zlx. mztnz2 
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u 2^»*qEw^fc««ifl[*s*tcm W3>h tn 

&k LX7yXHfo<7)i%i!riziimmft&Z-2XTy7 
[0071] vKDidtc. 3tr-f X^lcoROft^*^ 

io c^ristf-a ■ imm-thztizi o % gfcWfciE 
Lv^msa^^^ns. zLxmms%M%&i3 
n3jEL^m&gk$:m&i-ii'hmtLxmfeu w 
hmim^£j8M3 3izftj)Lxm&zitz. *ix. 
gut l < uMzsmcofeMi, w vw&.m>&&& 

3 3#. &3gf-;P h fi tc^rs t&x&fiv h ^gfi-f- 

iiz^xytrix? i t3th*-Ao«^«#{iS3a^- 

iTEmmzx*)imizmtiiL. t^^-Acomiz 
mhxf<x9<r>wmv>m zmmcftmzm&Bk 

[007 2] (mm3>WT, 48ffl<rmW\30>!}t 

*m<?mim3<vitT<x?mm±. m&mtzm 

S. H*fcW3^iiS^*gmW^«r2 3 7i:-tS. *<m 

30 mfmmttemmtm&mi tmrnx-bzoxm- 
m&ttLx*<oma%mwr£mh. *mm3iz 
a^xt. sa^;wh»ai»i»3 6«. wh&szm^ 
%sm3 3ij>t>&j]Ztit:*frhm£m^£&'i^xm. 
£$*uM-/i^«fc. TEm^mmm&3 5££^x 
imztitzTEm^awmmmiBnx o eg* 

hTEm^mm&c^itin^zmmti&tLx&iii't 

l. -eLT. HS«Sf?ll3tfctt^WJg^'J^fe?2 3 7 

40 ti£2<mmzMi&2ftgffiffiEb>m>e&\%.zfto 

tmz. 2iJcmWET'*-5fc^tC«. ^h*6« 
^ftS^^iEtrifil^SXxymtjBSiT^TEm^ii 

&fifa<r>3XT-~/7xmmi*iitzTEm 
^mmm L imtcr)±4w®£it®tLx. mmnmt-r 

[oo7 3] hi on. $mm20>mwizm^t:m9t 
mmiz. t Emnrnffitfrnztzmmmi-frhmtf 

X7-v7ft&0. 2^<m3. 7feX'3>->tii%iz. tts: 

50 -r&TEfi^®ii^^«aaT^-. ^o^c m 
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o. 2gx-±3X7-v7%tt.zitxTEm^mm$:m%. 
2&fl>aa£;iBifc«jisu mM^mmmM^h 

[ 0 0 7 4 ] z\<r> X 5 ar*B£*ft <fc*>fc, SUPS* 
¥"J5£S52 3 7tt. *-mtt^l2fcHafc2»:^ROjEa 
Tg8lfcil9#&Sa^*»£f!l£U 2<Kfl3£#jEtf)i§ 

W<0«»lSaW«SI52 3 7«. **MfcraE«ftX»6 
T^Xffltf) 3 Xf »/ TTtraSflfcT E flWK0¥*3 
fig (jEWP%tt) fc. v^Xffl*>3*T>y:rcfra£ 

Z75XaiZ2XT-rT?t>L. 7>ftXfl|(03Xf7 
SlOfc^U^fctt. BH^Kv-f^xfi|3 

xm£2x*f~/TfhLx. mm nmnifro. m 

i-xwuzrhtxmmLtiTEm^mmxt)^). z. 
ostnmtm^xwvh-mxmiL. mtattimmit 

[0 0 7 5] KUKOiofc, *gOft0l3U. %~r<X? 
&£*>'btLX±3XT>y~rjiiBS£tt.Zit%Wt>. +)V 

v&tTm^<r>mm<mmm.>hzmiiz£ >? 2* 
raafc&fltu TE^<^g(na*fSfifc^5Jgia^ 

ixraaufcits 2<j:^s*me^^¥'J^-s tftt> 

\>*i&M£mft&i+2xi-vzrtnrrt> lxwsuH 
mz-2XTv7mt? htxm&LL. mm ■ mt 

[0076] Z<?)£d^ ftT-fX^KOKOS*^ 
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7klOEU^Ji^£^^/l'h*fcLTS5£U f-A- 

hm%.m^£j$&3 3 taj* feints-its . z lx . 
3 3#. ga^h*t^rs>t:*^)f-Ah^<i^ 

l \,z^x*?r<x>r 1 fcftb'-x.<offl#«£ttgJH- 

mhzt%<. itT4x?<?>zL*)mff±z\*8&x 
10 t>. Kv-j±<r)m£mhitTix?<rmm<m* 

m-hitr <x?nmm<r>m 
<®mhztwx*hx?r<x9$m$:imth. 

[0077] mm A > OT. *|gBg<^liSW4 C03t 

fa;Mto^t»5. *%BHconisw4^t 

r^x^Sli, H»^lfcfcftSSI^*W^3 7 
<0IM^)^ HISflHil fcH&£. HJS0l4OiS»IS* 
3 3 7 fti . **>te«Ofi?j£g^fc *<0lWm 

laasi 1 1 mmx&zcoTm-fi^ttLx *<rmwfc 
20 wmzm^t. *mmm4tzt5\,yxi>. sm+frhm. 

ttfrhw&m^izm^xw&ztifiii-fi'hm.t. t 
EftwutsiaB 5tcj:o-cn-ai$n^TE^<os 

is<RL. i-)Uhm<o£fctzm-&TEm^mmmcv£iL 

[ 0 0 7 8 3 * LX . IQI&I4 tiittSSiicigSW^ 
3 3 7«. fiSW-A h«fi[a53 6 KJ: -?T«tf i: LT» 

fc. f-;kh«*^|8AJS*»^>r5xH<7)3Xr'/mh 

a$#u:TE<i^iai<o¥%e (iEapF%a) t. 
i-xmco3x^y-rmm^tit:TEm^m®co^im 

nixm>mx) i^%m*mifi*$\*%&iiz\$m> 
i^^L. mmaskW'd'xjjfiqx {mmm^vh 

\,y®£M*W£ft)&^77X*ftizmttm&tt.Z 

#xmm&$:?mg.L. zMzmmnswr^x? 
(mmcr>i-)],hmjm®fig.£MLXjE0>mT) ^1 

mff^^iziiMmtgypiEL^tmiLx. m. 
i&^77xm3XTvzrmm2tifi:TEm^mi® 

WML ^4i-x®0)3XTvzrcmi2tv£TE 
50 £0^a-c^g^fi*<-5g«J3lTT$>ix 
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XdizlXhBk^. 

[ 0 0 7 9 ] Mi . 0US0! 3 OfJlHJfCfflV tf:H 1 0 (C 

{4-?4-f-X3fr|6j?)-3. 7Xx-y7T*>ofc. ,I<7)1§£ 
^h*$-«JjeASOJSfc*fLTl^x>yrO. 2 
£T±3Xr>y:^t$-ti--effl£U:Sa£e (SAW 

££fc-f*l*:«+8. 8XTv7tLXMiii2tlXL* 
o. Z<?)i§&. ®M&$k (&mw\,hM.) it+8. 8 

T7Xffl<03Xr ^7-Tit*3ft*:TEfiWg<Wj 
«il02mV s v-f^fflOS^x-yTTH-ffl^it^ 
TE^g<a<o¥iiiH»i6 0 9mVi:&s. Lfctf^ 

mznLxiEjTmrc) tro&m^tm&tt^-xnz 
fflsu m>n&.*-?4i-x-tito\iz2XTW-rhLx 

mL^TEm^mmmxh*) . znmmzm^xm^ 

[0 0 80] VitOXoiZ. *iSSHH4t±. JtrlX? 
££#>kfcLT±3;*xyTftJ^fc3tf^£>. 

vm.tTEm<r>wmm.<mmm/^zMmzSi o 2& 

hmi®wtt8ktLxm.iirt-h. zlx. wm-ivvm. 

6iz£^x®mk Lxma&ntimMtti&ojE 
n&mfct&t&tz. ^wmtfrnftwrhr^xm 

CD3XT»/7^»Sil^TEm-tfiSWi^ifc, -7 

a -rxw> 3 xf >y rxmi s*i*t e it^jmwsi 

<&^fc^L£^tc{;^agS:B^J£U IfftSI 

[0 081] ZOXoiz. 3fcT4*?ltf>RD*#:*;£ 
v^T*i,£tf-ffl • B3Urtl> ZtizX*). mmiziE 

7JiiELv^»|gaSrfiJi^h4i:L-C^L. 

h^ft^4jsg?3 3t:aj7jLraiis-fri». *i/c. 

3 3#. ^^hifc^^SfctfXO^b^I^ 
£fvWh1f--«&21fc:iiJ7JU ^MJ--#II]»2 
1 izX ->X*rr< X9 1 fc3fct'-A?>ffi*t«£ttiga* 
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fcTE^-ffciOiBlfcEmjU *>o3Kh'-A<03t«tC 

£3tr x^os»jB<7>«# zm%ftmz®m 
<wm&ztv?z h^f< x?$mzm®tt. 
[0082] immsywF. *mcmwi5<oft 

t < xtsmz^X . 0B5$-#S9L^4>iiW-S. 
^HW^StMS^T-fX^^Mti. RFfi^cy^gS 
10 #&kt%h%~f < X9 1 c^ieJiiBi:3Kt-A^ffl*t« 

0. ^^y?7-/7<0«£££ft$tfSC:i:{;:J:9. 
*/^a*£ttStf£#£RFfi^o^fi?:irau 

T2<KB88fciSGlU ^h*o£fc(c*«-&RFfi^ 

t-rs. tti&^x. mmi-4t(omm^ii. te 

IIS^l~4fcigaT&l>ffij£^i:*<0 

20 mmm~w5ittix*<?mm%mi\r£ttz. 
[0083] hi ui*wmmM\5(vjtTix?m. 

WtrMfcZ^-f-fn v ?mx-h&. HI l<03tr^x^ 
^SJi. Hl«7)^b«iaia52 0fcfti.T. i->l>htflft 
SP4 2 05r^TS. S^ii^HMEHU 9*^tfi7J$^ 
SRFIf*!. ^h&ai&4 2 0 -Ifcjyjl- 

liro^oH i ^ LfciutfiHi 1 1 mmxt>& . mi&o® 

3fc*L£*^-y K3rtc03t«iajSl34^Sll3flfc4 

ma<?)H4K*L^S4^«iSIIil»l 9^T« 
30 £*U RF^= (a + b + c + d) H 

^t. ^hmta^4 2 oji, RFm^iHiftaaJ4 3 
8. ^hg^^ifi£si533. ea^has»at4 

3 6 , a^^Jg^4SS84 3 7*^«lS$iiT^S. 
[ 0 0 8 4 ] +)V h«iajSS4 2 0 fifciij 

40 ftieiurr s^e- kts>4 . hWtim^&j$&3 3 

ZiiX.®ft*:-Y\i&7a-y1HzGMZn& (H^LT 
vv&u) . ^hgj£ft^fel£353 3{i. «Jg^h« 

o<o)^s^h^<i^Ji»:tB7j-rs. ztuzx 

m&&4 3 8li*tl?tl<7)?-}\,bmiZiSVZ> RFH^(0 
50 ^4figgS3 3«. *«f*hMbg<-Kfc*VvCtt* 
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[0085] RF<imm»4 3 81J. Bift^ 

h*«»gi54 3 6ia. ^ h^^^jsas 3 3 

RFH-ffi1g|tffla4 3 8fc:J:oTlhSi$ti 
fcRF^9^fifc<0Wft£^Kl*3*:J: 0 2iKB 

s^mmmmimix^m^tzumM^^t. 

mmmtx^^^izimn^^t. 
mw&#m?$> 1 1 ^0 mm t **>v vw&mmk& 

[0086] JJLLOJ: 3 izm&ZtiKmfom 5<rtftr< 

x?3an=&wr. *<mft$m2 7&m^xmm-$- 

+\-Yxhh. muz. 3tT-fx^iiB<omii«ptstA 
ztihfrxi&tr < xtzmiizytrixftpsmztih 
i-)Vhmgm^£j8M3 3n. ^btaajai4 2o 
tsm+n' hm&ft*:- Kfctt&r* ( y 7-2 7 0 

1 ) . «a^h*&Jfre-Kfc:feVvC{;L 7*-;?X 
^/H>ftfai#±J£»3 3fcH^*fetf>4>*l£7otf>^- 

hi^^$-ir^aj* u r Fm^mmm®4 3 s\t 

02) . 7o<7tf-AM££fI^fcJ:0. Sa*Wl~4t 

LX. ^try?T»/T3cD«££-5£<Ofc J gt»/?-S 
,TCjE*[6|ta*|6jfc:3X7 1 -/T^^^^S. 

JH**M6fc3*$nP&. RFff^<0«<B«:t«rri. 

m zmn&o tm^ts^ M&5£fi^s-*A Mr- 
1 ssmxoetfMSftftiJOTRFft-mmro 

438fcJ:r>TRF«9tf*HHrY' (XI) MHW 
S. ^V^T^t y^T-y7*3<0iS#2r+lXxyT^ 

SSL. RFm^mmy (X2> *tww-*. f»k 

fc3ie^try^r-y7 , 3<0«# + 2Xf »r, + 3*x-y 
7, - lXr-y7\ -2Xtv~T. -3Xf77tM 
««=Sf36»fe#f-^hJUc«f *RF^i#OHMlY (X 

3) ,Y(X4).Y(X5KY(X6KY(X 
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7) ^^U"7|UIHtr5. 

[ 0 0 8 7 ] &t>. SmftSOSJIWTW J: 3 fcSJtl 
*««Sa3rcW>»£S;h.*. mjMiza^x. R 

)ls*-fizX~>X®&Zit%Wt>. *b'-Aiqgpf< 

3<o«£s«u *<mzz&mftmomkm»t 
h. Bi'o&mmo&co%T4x?iz]ttLx 

z&ji-r&xoizEiKftmkiiuzyy- (&&t?) 

*• HE-* 2 4 <0®IE«fcJR 0 tf *t* . Xli, 3fc^f -/ 
^T-/T3<o«§*»fteojSt:-^:Lfcie{c^m 

2 4 aHCM%ft&**U?5e?t? ~/9T-v~73<7) 

miimn&o&iz**). mKMmm^y^^ta^ 

OWW^ 2 4<0[§H6ftJ££:i y ho-A- 
20 ttUf. 3fc¥e»/?TvT3^££8$ftgO£a><!> 

[0088] ijctc. ttm£&ftvtfta*-A-bm*M 

(X^-/T27 03) . .T ~T\ 013fcj^t 
-T. @13<0fct>>53t^e-/^T yT3O«l=fcifrS 

2<j?raafc2>-^tt^^-. ck^TRFfi^iai^^ 

^fi/MJgSfc i -5T 2d®miZ&&LX r Fm^sia 
30 m (f^M) <0XT->'7'ftSSfc:i«-SJt$rX (± 

e<7)7xx>y7-<7)a^^fcswitrx=-3. -o- 

• 3) . RFfl^SeSrY (X) fcl/CsUl) W2<>: 
0. ffl^j l«ia^Ah»X^X j fcU;*§^)RFfI 

^ini^th«fi^Y j fc-rst. ieiRLfcs ( i ) <m 
tmmmmYj tnwm&v j a& ( 2 ) tc^six 

4.^(3) &"5r9-^Hv j <orftWE^g/jNK:^-S X 

^ (4 ) c0tf5ll^)B<ifctJ: *)%#>&Zt#X*Z 
40 4. iiT. ^(4) *0#raSP (k) . Q (k) . 
YliisR (5) . ^(6) . & (7) tc^LfcfcfcOT 

^-AbattXl=0, X2=+l. X3 = + 2. 
X4=+3. X5=-l. X6 = -2. X7=-3tm. 
fet&DT. X2tX5. X3i:X6. &tfX4fcX7 
KWZI&mffiX'b&fiitb. P ( 1 ) . P ( 3 ) l± 

ofc^o. 5C(4)tt. mmitztixx(8) tz%h. 

^ ( 1 ) ^2<xraarCY*«fe»:efc^x{i. ^ ( 9 ) 

X-$lt>t>tlh. 2&m$Latl&mb\i. smttiR 

Fft^ofiiifiY j tic (8) *^&ajr#s. ^ti^> 

50 ^tfca6l»i:5*(9) (OXmaxli, 5$(10)T*3 
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tit. i^2»:«Scaii3Si ( 1 1 ) zttfvz 

[0089] ia±tc j: o . r Fm^mmmtfMckmt 
i&i-frhmtryfi&oit. ATv7fi%sgt& (9) 

®7d -y h t . -e<?)tt«ttfca^v%Tfi/hz«ffiT2<ji: 
rastc>e«t^2»:iaiti*^Lfet>^-c&o. **>£>ti 

fcXmax^l. 0 5XT-y7X*»-5Jt^T&&. 
Ofc # RF<i#jg<I«#ftA;fc frSf /I/ h»S0 . 2 1 
gfc££. ^J:3fc£af-/PKKBSE34 3 6te. f- 

4 3 8 J: oTfTCgSitfcR FfI^<Dj||g«<7)P8&£.t 
S<7)J:afcS/hZ^{cJ:'?2ijiJ8at:jg«t. f-^h 

[0090] X£mmm3m%&4 3 7 a. r f^s 

0r«OSI^ffi*ttS-iai.T^S*^5*^fl^r& (x-f 
>y7"2 7 04) . HlSliRFfffSIIjJflfctt:*^ 
Oga^h*#Xx/7-ftJS0. 2&CWJ2. 7 5fg 
^*^fc%£<of S R Flt-tSH^-ftS- 

BSST^r. tF)i.tf. ftr-rX^KOROatfffiSgfc* 
-0. SSg^i&ofc^&fc'fc^JdS: 
Cio^fc. ?-y|/h:l£gJtM9£0gfc*f 
LTlXr-yTO. 2gT±3XTy7'^ft;3tfTRF 
<IWI£»£Lfc^fi*eA<^n-yh^^. £ 

xx-/rrfc&-3xr>yrf*jatc*>&^. ffl^mn 
otjssrstt. ±3XT /rr<offl^iiA^»aju^s 

mit-3. 6X7-v7t%iXL&d. 
[0091] CcOJofcRFffi^iilltffcfcfc&Sfiji 

T-yT2 7 0 5fcjttr. Xx>y7"2 7 0 SfctJWC. » 

-tS. ^f*WWi^KlffiS:±2Xx>y7-fcL-r. dt 
»IS^3|^liSW<OJ:3tc-3. 6Xx>yrt^^x 

4 3 7ttf*MRjaM4**3 3#itt;lrf 
^<i^<y»ftgSr-7>f -fxfflfc 2 Xf y Tf t>+ X o 

Wt£LXmm?&. WX-fy 7*2 7 0 2^9. f- 
^g£fB^fe«SS3 3ttfr*:£SilMSgfc** LT ox 
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T-y7\ +Uf77. + 2Xry7\ + 3Xr-/7\ 
-Ufv7. -2Xf77, -3XT-y7*fc£fl:£-£ 

fl^) t:W-rSTE<i^<0®lifiSr^7IlIt«H-S. 
[0092] 01 5tCfc»tS»tiOTO-yhA«Slt«L 

feRFm^fi4irc*o. ^otfatt^fflv^-cs/Mai 

JfeTSfittU Sfi Sr»aj-r& (Xrv727 

03) . »ajL<:^i. RFfiWS#&*fc&£H 

io gj&pjjeau 3 7«. «a^hajn»S4 3 6-csas 

s-w^ts (xx*yr2 7 04) . mmn&mmm 
wfrctaut* xx-y r 2 7 0 6 attf . xt^ 7-2 7 

aBa2os-fijgwh«^ ; E-Kfc:^ts. 

XS&&+fr hii^«^$-ai*"f £ ( Xf »/ 7-2 7 0 
7) . x*M@&»«26li, 3tex-fX;y*l£aStCf 

20 [009 3] ^T-fX^KOROft^T-^XfflltC 
*S<,*&£&£\ 0S$-»ilftStLT±3X7 i -y7T 

trai • mnLK&gifiTjxmQmmm <+2xr 

•yT) £iS;tTVVt^t£liX-f »/T2 7 0 5fcfeV^T 
ffiP«e5-7-7Xfi!fc:+2Xr y7*r^LT. Stt«- 
WSIflC^lfd (XT>y7-2 7 0 2. 27 03) . Z.tlh 
%TlX?<OK*)mtfmmz*Z\,Mi&%t\ 

mft&imiSiLxmtvi • ssntteff o ztizx 
*). jmizwm^hmi^obhzttfix'^h. 
30 [0094] zt>^ mnmm%&4 3 7\i. g/hr 

«a-Ci£<RLfe2»Jiat:fc(tS 2<JM**jE*>&*xr) 
mSrffd. 016li. RF^fi^fe*:t!5:5K<0 
©a^hft^Xx-yT-ftJSO. 2g0>#3. 7®Tt> 
o^^. -r&h*>Mc?>Wmi-/l- hStf. HI 5T*L 

r Fm^mm^itimcc^t. z^m^iz. wy- 

m.ZWlftg.omzKLX 1 Xr yT-0 . 2JKT± 3X 

40 ffiTiS<Ht^2i5<:ft«lS:l^-C*-r. 

[0095] C<0i o lzm<7)®&1-/l>hEA t m$ftf&>> 

a i-x®£.-rtix^&&&. *>uhmff7? 
xffl-coR Ffi^jg«a<itt#st=/h$ < <f o y x^r t' 

$ uz*(om&2xmxmixz h t imt>&\ 

gx<7)RFmmnomi <miix it mm 
ttA^t. m^zmiTmtf-&bTizCico2xmiz 

50 *L^2<5<:flaaa^iEfitsajL. mmskimom 
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^;wh*6^^t-r*utfit Lxmaztit. z<v® i o o 9 9 ] *>n»Rsai-fi4js»3 3«. iu^» 

JlttWfctt 2 = 6 . 7 1 1 . JgmiSmXm tS^fiJi^ hit LTE^T 6 . lEI§t> L < 

ax=8. 8A7-y7tnftLXL£o. i&ffrOlgfctf <*a?-/H'*iB&E-K(33ro"0* 

[00 96] ^<Oid=5:^*^l»<-^i6fc. S. ) . f-^hl££fI^4u£gS3 3*5. ffig^hit 

W5g&4 3 7tt. 2»:«S:<OjEftTSI©^ , ?* J &S* 1 i^ti»tJ6cOf-;l.bS^m^5:^Mf-.-KIll»2 1 

5*>£ffl£U 2K^B6WE<0^-t«g|®3S*&JiEL ta^U f-;l^-*-tfIUB2 1 (cJ:^3EfU? 1 

•f&U flc0^tK±T7Xfflt2X7 i >y7-f^. H ^ftr* x?<OlEfi»D«££RFfI^fc:J: OjEUfcft 

«^^^x{Hfc:2XT-y^^LT. Sff« Hiil <0ffl^^fi3S^Sfc»Sa<S»ilN-S^fc^-C^S* 

g£fr o. Hi 6fcfcttSIL*i<0Tn-y SSBftJg < X9$m£m&h. SWlOf-^h-fey^SrJHv^, 

[0097] m.<oxoiz. *mm5\*. ytrix? tvra*«>j:3&ii£gtift9*.&». 

l^RO^^v^-ct,. Krixtommtit 20 [oioo] <ms0!6>mT\ xwmmmevm. 

mztLx. fu££<:sx>tfcx>t:. *iiW)iiiiifiHi603K7 r -f x?mm.n. RFms&m 

hS.t RF|i^cojgg«<o|lft£^KJRi£fc:J; "5 2<K !EiSiBfcftb--Acoffl*t«# SrgS^h 

s^y>t. a-r. mmti%&mm&ftmkLxw&iLt: &uz£-?x2damizmkL. +tvymvfcwzmh 

r^XfflkOg?»ffi*«$:jl!!x.TV^^W4SS6ft^ 30 Lt^t, HSfcm~4fc*)ffiia£tt. TE 

x«*7)gi©ffi»fi^m-c>-^^fc:«-2xx-5'7^ t\ nit0!i~4fcR«-cfcsaj«^fc-5-»i(miK 

<t-r txmmL. mm ■ BSBr^frd . zcox ? Lxzmw&wmzm-th. 

KT4x?\<r>&.*)m&±%\^xi>mm m io 1 o 1 ] hi i\i-^m^mm^<rmf^x^ 

[0098]$ £>fc. jgfc£ix*2#»f«C*>(t6 2& SB5 3 9&tf^M&tfJSI55 2 0 Ztth. B&fi^ 

fltoWBWi**w^*-fc^ a@» 1 9 *»^as*s r f<i##^ y w ass 5 3 

L-ci^isi*»ft*i6i*» (ffietfcJts^p hi 9 ti*£>fu ^*>y ^t^as 539 xm^tit:=Jv ?m. 

im&ftmzftLxiE<r>m>fk(om*) Sr^j^rs. 2 40 *s^h«aia5 2ot:M^ns. ^nj^ttmacoH 

»:^S* f iE«7)^fc:{iSI»IS*fcM0* f J>l»fcfl£L. lt^LfeHiteH|l fcHa-CJ>S. 1uS&0H3f;^U: 

»j6ft^^^-ri». «m*g**^P«eSrffiilfc L 3te^e y^T-yT3rtc7)3t«|{iJ||34c^Si|$*Lfc4-5 

LTHSSL. «®«SJfo!»«S^SJSItL-Cv^-?- RFif= (a + b + c + d) hLT4u£2tii. v-y 

(mmizm^)Vh&tmnmMLxn<D rmms 3 9«RFm^i& 2€^:fi^fc:^i^ 2m 

m <r>^\,z\mmm:+2XT-v7ti\r?t>Lxft im^<r>m?vv?mthi;v?temmL. *<r> 

msiL. mm- wmzfid. ^idt. %t<x v^mzimLKnEZiSvtn&tLx&fi-th. 

? 1 <7)K o** 1 ^^ v ^-T-tstra • i fc [ 0 1 0 2 1 h 1 &\t*wjwmm e <m-)v 

fcJ: 0 . S^WtiELV^aigm* 5 ^^^. 50 5 2 OcOffi&Srijrr. f-^h«tBSP5 2 Oti. 
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54 0. h^Jgfl^feJKS 3 3 . ©g^/P 
HfiiS»a55 3 6 . &tf«»fc*PJ£a55 3 7*^«l« 

urn. ga^hafcajt-hw;^*^^ 

v*$r^) . +tiht&m^£jm3 3&. gS*/Phg 
ftajt-KtcfeVvCJiS^LbO (H»0|lciJV^Ttt7 
o^flfrS^h^ffi^fcHafcaS;^*. Zti££ 

3 3&. Ktf-^hMttB^-HfctJV^TttKif'^h 

mmnm 3 6#a}*Lfc8Jiissfc*^vvc gas- 
[0103] iSv?mmm&54 0ii. s^n-sss 

^-S. **l«flM4rt»3 3li. 3fcr-rx? 1 kft 

£. S3i^hSg|»«5 3 6tt. +)VVB£mm& 
SS3 3*^as#Sft**/khi^s^fc:«-?vvci*£$ 

*l**;l^:»k. xy^^H«a554 0t«k-5-CH« 

<a-fs. 3^2<j:rasta^v>-c. +>vvm<rmfc.n 

nt LTsraj-r* . «s*g*W£a55 3 7jigjsw^h 
a«£&5 3 6T»aj$^«»*g*mso«»BR# 

^isiTv^^tii, mm&mt. whits??* 
mcom®*mmzithmitk zr>uhw<m j %*u$& 

V^tfSkS-f-^h^^^J«S?3 3fcgSfS. * 
^Mftjai^fe£»3 3«. A* Lfc8J»S£Srg®* 

[0104] a±cr)J: d tcffij££ix*:fSJfcH6tf>3fcT -f 
X*36Wc*WC % *O»#£02 8£fl!vvCIBi»t 
S. 02 812, f-^hfcffiaS5 2 0<D»tt£jjrr7n- 
f-r-h?**. gfcjfc. ftT-rX^gS^m&tf&A 
3*l£*>XWf 4 X7§ga£3fcr -f X^j&^$iiS 
fc. mhl££m^£j&M3 3ii. ^h«aja5 2 0 

^fia^ha^aj^-Kt^ts <xt»/T2 8o 

1) . Mff-iPh«Wat-HfcUV»Ttt, 7*- #X 
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h^^^g? 3 3li^tf>8W>&*lX: 7o*tf-;U 

Mftjai^jfacaj* u v -y ?mmm& 5 a oa* 

ft^ft^vyry-ttSrftS-fS (Xr-y T2 8 0 2) . 7 
oc^/P h f&tfi^KJ; 0 . Hftfl 1 ~4 k Htt£?«> 
^>^TV^S^«$Sr^«S0SkLT. 3E£ 
t v ? 7 -/ 7 3 com £ £ -5£tftf| g e >y f- S ^rCJEU^i 
k*3frfifc3XT>y7^>£fl:3i*-i.. oiO. 
X?<9lEI§ffik#t'-i^ffl#«£Tfc£^b*££ 

[0105] $.-r+tvvw&mm&&&3 312^^ 
?7<y73mzt:mmoizm&ti>*jvhWi5m 

m*m8!as54onj:-?Tvv*ttY (xi) zmtt 

&. m^X%&V>y77v73<r)m&+ 1 X-f-/Tfc: 
i*£U ^'-y^fiY (X2) SrWatS. 
-/?7>y73<rMZ + 2Z : rv7 > +3X7--/7*. -1 
xfvr. -2X7 i «y7' x -3X ; r«y7k'gft£*k i tffi 

20 tyttvvmzm-hVvfmv (X3) . y (x 

4) . Y (X5) . Y (X6) . Y (X7) Sr^th7|Hl 

mm i. 

1 0 1 0 6 ] gJpftgOgli&Ttf) J: 3 

3<o«#s-^L. -eotasfcgii&ago&ksgs-r 
7 »,73<?)m vmn%.omz-&. Lt^nzmm^ 

;Wb^-^240lHHK«aR')f+tt4. 
^T->/T3c^S#*^3|6fte0St:^t^|gt^<i 

2 4 <9®!Rag£iU&t*tff 3t^t ry ? T y r 3<0 
40 fc^-^v>T^h ; E-^24^|elfeftS*avho~^ 

[ o i o 7 ] act:. tnwifcs^v^ejif-;i'h*srsi 

(Xx-yT2803) . <I£T, 01 9t5t^t 
«y^T<yr3<7Hi$fcJt1-&v>y^fi^k£^t. 0 
1 9 W fc 0 3fc^ t >y ^ 7 f 7 3 <7& # KStt & S/* -/ 9 

50 ak=5r?.. ^x+>vvmzmh i Jv9m<rmc£Wi 
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4C*ttfcJ--9*C 2dm&£.m>LX t Jv *«#g/K: Hi. %rr<X9l OSOft^ffiSSt^^ < . - 0 . 5 

ry7OSI££0lfc35tft.tfX=-3. • • 0 • • 3) . 0. 2gr±3Xxy7*£fcSl^Cx-y *mffffi£«Jif 

v-y ^ttSrY ( X ) b LT55 ( 1 ) <92&WSfci£ft-t tfcH£fi£&*l<7>7*o>y iK. ZcomM 

i. *<mn.mtem&mi bm-xt>*). a^j @b $-ffl^-cg/hrsia-cja«tfc2»:iais^ii«-c*t. 

j ti-ht. izuLtun ( i ) <mtmm<r>mmmY j %h+>wm.) i-xwryfckxT-yrx'S>i>-3 

t^mMMv j 'is5 ( 2 ) . Xx?7*tti£fc:J>£fctfK iH5iZil3KOiMS£g«\ ± 3 

[oio8j^(3> K^r^nvjcozaiWE^S/jN 10 xx-yrr^a^ei^stajL^Mi-3. exr? 

c x d H35 ( 4 ) £0tT^I^?rlK< Zb£i *)m>h it [0111] J: 3 |C5>* *«HflR*fc«r**a**' 

crc, * (4) *c?*m&p (k) . q hft!»«a*^^<-«iTv^j^D«a^h 

(k).YiijiS(5).5«(6),5ii(7) tc^ufc a^^ai^ssc^t. mnHJURTtfeireu m 

bn*)xbh. f-;Pha±xi=o. x2=+u X3 w^*osowMiL«[*airv^«^j4^Tvr 

=+2. X4=+3. X5 = -l. X6=-2 N X7= 2805*e»tr. Xf7728 0 5£gWC, ffiPftS 

-3bm5£t&<OT. X2tX5. X3fcX6. imW^ifi'mx^Mz^y h LXWW&t&. 

4fcX7«. 5.^£&mmTi>&t:it>. p ( i ) . p mmwmmmm±2XTv7b tx. mmmk 

(3) teObZ*). 55 (4) '±. &mtt.2itX& (8) ##liS«H<OJ:-3fc-3. 6Xx-y7*i:-?4-7-X«<0S* 
55 ( 1 ) ^2#J|&TY#«7<tf i&£XI;L 20 »ffi#e£l8;iTVtf;i§S-fcte, «**£SW5^5 3 7 

55 ( 9 ) -C*tf>^*U 2ifcft»a i: l&flgfcb'i. tfffl li^hS«<i^^«a53 3#iti#r£^/I^^J£<i^ 

Lfc^vJWJ ts5 (8) *^»aj-C#&. £*l4>£ 0>mftmZ'm-XtiUz2AT>vTl t t>1-X : Hzm$ 

ifctoStXmi n (Y^hfit^rSX^) «u s5 -ft. -«r*^WWS** - 0 . 4g<ofcgfc:Si&5£L 

( 9 ) Rtf55 (10) <0Xmax£Xm i nfcflii TStt«W-*. StfXxy7*2 8 0 2*cM0 . +)WWi 

tz^X-^tih. i^2»:«jRa{455 ( 1 1 ) -C^ftS m^&J8M3 3fcHBfc3MBWSKWf tT 0Xr»/ 

-rfc#-C#S. 7". +2^X77, +3Xf77. -1 

[0109] &±££*). S/-jr^ibWfcMlfc ! fir*-f-A' Xf77, -2^7, -3XT»/7*fc£fl:3-tt*:f- 

hm<7)ft8.0\}. Xx-yTfcSSgfcsS ( 9 ) ^HRjat^fcHtfrt*. #^ h* <f*»«ai 

ftfcXmi nffmX&b&ZbtfXZh <0=SXXm ^) fc*«-&^ y^e$r^th7IallhSH-&. 

i n) . 02OkWx«y7*fc&S£O. 2gT 30 [0 1 1 2 ] 02 1 fcfctt£M*.<0:rn »/ htfgitfflL 

jfi(HL^2»:fts^t^t,^-cfco . **>£>ta:xm «a. -«r*>^«a^hat-srr2.. 

i n#l. 0 5Xx«yTTj>ofc^T-i>S. .Itf>fc£ *^J^5 3 7J±. mfrfrhM.mm$5 3 

o tzsm+tuhmmm 5 3 6b. ^Ywa&m astj (^772 8 0 a ) . mwm&mgmftm 

4*^3 3fr^&XZtlfrrrl'hW&iE*§r£M~J^X3. nXhtlU. Xf77 2 8 0 6 tJitf. Xf 77 2 8 0 

^-/^^^IMia55 4 0fcJ:o-C SfcfcWt. ^hm«fi^4jSa53 3{i. ^>«aj 

atcj:02»a»fcjfi«t. ^M^HUdtn-^^ 40 **T>nai9£rt*33& x^tfcsiwsjwcjsfc 

v^ttw^fc^if-A'haiiWBSRkLTjja-t TMftf-;kMftje@#tiiaj-tft (^77280 

*. 7) . f-^hHHM26li. *r-fx^it«ifcf- 

[0110] fcfcigglSjllfiJfcSP 537 coa^^r^Htt ;k h . 

it* . mm6%m&5 371*. s; -y tmmfrb 1 0 1 1 3 ] jue, *t 1 ^Roa^T-^^fflt 

^SK<OgJi^hft5:]E«^«)5^«)t. AXf-A' ^t^^rfc*. 0jg£g2|lft£fc LT±3X-fy7T 

hS«»S55 3 6-CSaj?*lfcdlK*g*3m^«»|iB tta • S»Lfc*Sa#77Xffl<DiSMR#tt ( + 2Xx 

%m*miX^&i)> : 8fr£mfet& (Xr>y 7*280 »/T) ^«^T^Jt^(CttXr-y7 , 2 80 5fcfcwc 

4) . 02 Hi^ y^fi^ft/hfc^sm^Sfi^hM ^AS5rT5Xffl(c;+2XT y7^ t ^LT. HH-ffl • 

WXtvTM&S = 0. 2W.m>2. 7 5mX$>->^ mm-ifto (Xf7 7*280 2. 2803) . Cltl^. 
^f-*hMfc*W*yy^€«a6fct«tl*CSrt. W 50 (c«k»). *rV*?»R9JU«»fc-**v*4»&&ir, 
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m-ft&tmsig. ixmm ■ zttzx 

[ 0 1 1 4 ] $ fcfc, m&%m&5 3 7(i. fi/hZ 

mkT%& itz 2 m&iztiVh 2 M&stfi&NiaHo 

02 214, x^ffitf&'hfcfrSK^gJi 
+)VY&tfZ.T-~/7fi%.S=0 . 2J£<0#3. 7fgT* 
^fc*>K?>ffia?-/Ph;fia>\ 021T*L 

&Z£&ft&0mzm,XlXy-y70. 2J£Q+3X 

cvrn yvx^t. it. znmmzm^x&b-m 

[0 115] ZcnXdizM^StM^bmiJWmS^ 
ti^^-rfc* 0fi/JO3s£T®H Ut 2<Kffl*8«o 

X*)^<miLXLi-yt:i^r. Y (X) *MvbZ3k 

arciste-rs t±£ac»2xmizm^tt&mfir>x 

Ltd. Ur#oT\ 5U1 l)T5SLfc2iJc8»a£- 

-f*tt:fifcLT»{iJ3ili>. J«*Wfc«2<K 
Ma = -6. 7 1fc. Si£tS&Xmi n=-t-8. 8X 

[0116] z<DXd%yfim&m<:t:#>tz. mn.m& 

3 7tiU 2#fl^IEftT«gfcilD#*>£*' 
5*»£*>JjeU 2^m& f fl<0^KJiij|^gm*<iEL 

m&snzti^xii. mmt Lxn&zixt:fflm%<D7E 
mzx^mn^-r^-r^umn^f-h. mms 

%jfiE<D%£tZii. Wm%.*-?4 1-xmz2Xrv7 

2 2fc*U;*£fc:tt. ^ISWjET&S^T. 
ftg£v>f+xffl{c2Xx-y:rf£>U:. Btfa-BSi 

£v4 LTStWIUfcS'*-y ^«E«T'fe 

0. z<r>mmmim^x&>bz3miTi&WLL. matt: 

[0 1 1 7] feLtwiofc. #HilW6t;L %?r4X? 
t'-A««§ <0&jMSr v -y ^iWM^fc i: 
'l>fcLT±3Xr>y:m^fc$-£ : 5^s 

*LX. ftT4X?l<7)R*)&tf*;^*&&T 
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H^SJOS^at lXW&Lt:± 2X7-/7ZMz.X^ 

t v ^msizu- 2xf 7 rtiirrb ixnwfc 1 . s 
g#±£ v^-ctwrai • mmn-tt zuzx*).& 

[ 0 1 1 8 ] $ SgfcSil*; 2ija^atiJtt& 2# 

tfmm&tLxjEvm^m*) zw&t&. 2 

•ciE<o€) n^\z\mmm-2X7-v7iz\T¥t> 
LxmsLL. mamimmmw&t Lx^i- 

m (V®£MX&£ft&Z+2XTv7t:lTrt>LXW 

20 isgu mtm-imnzfto. znxotz. %~r<x 

[0119] *)vvwe&m>SEsm3 314. jelv^i» 
is*^«a^h*t Lxsets. te^i, l<»4S^ 

) . *)\>YWtfim£JlLU3 3tfi. &&1->Vh&lz 
W^tlt:ifxryi-fUhW^m^i:i-/l'h^-^m»2 1 
fctittU ^b-9--Jjqil»2 1 fcJ:->T3feT-f x? 1 

30 ±o£?iz. *mkrmsm60)mmz£tiK, 

x90)mm#±z\*3&xi>. ytt'-j*n%Mtzm- 
t%?f4 x?a)mm<r>mz : J~;?imiizx. Djebk 

hmmizH'^Xli^ Y^y^-liZ^nh^ hft&k 

[0120] <Hffc0!7> OT. *l|HB<7)||«[«7c03t 

tl»^WyX4^Jg^x.&fl!l£i:L^. H*S«1 
-6-CJ4. +)VYm.t:&\Vi*ht&>\,Z%frV~,?T«> 

?3(om&$zit:tf. miuyx4<m^i^ihm 
tiuzLxi>mm<vm : w®t>ti&. oto. miwx 

Atnm i^tlZk tzX *)%£-J*m~r < x? 3<r> 

so mmzmthm.-k^x.hzk^x^h. x^x* 
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a. 

[0 1 2 1 ] @2 3£m»\'>X4im j th1-)VYT7 

h8trt^ffl(7*-*^i6a!l3-f^64 1 fc*Wg 
ffl7*-#X]^:3^64 2Tffij£3*vnv&. rt^ 

ffl7*-*xra&n>f;P6 4 lfc*Waffl7*— 
;P6 4 2{cNfifflco«E&JniS fcH*l/VX4tt7 * 

*-#X|H&3-'r /P6 4 1 fc9Mfl7 ;l^6 

smm^-tro «/ ymchh . a i ante Jt* 

X. H*S0!7O3tT-rX^a{i^t«y^r>y7-3^ 
fow y X4 <r>m&£i. tZbiziV+frhtimLX 

-#&6 2 1 s-^r-ri.^ 
mj--:kbhs6 2 1 ioawm^ii. 7 *- 

[ 0 1 2 3 ] @2 5Ji?-^MJ--«86 2 1 <0fl&££ 
^tafc*. ^b^--1f0»62U±3Kx-f^lt 

\,zm»\syXA <nm zimt& . vns&%ft£OL 

#i&ttJ^-t«.^;P Mf-)ttI-«Hfc£a&6 2 3 1 . h 
■9--* fi^fcg-?* rtffiffl? ;P6 4 1 

fcfl-ffiffl?*- #x:M^6 4 2fcSfiE£fSfllTf 
h^!l]K64 3i:a>*>fitJS$*lT^£. *<0{$*H98J 
«liHtt0!li:^aiT*O. ^/PM&aiaS2 0li@5i: 
Et!fc>}?tJ££WU TEfi^-S|gima!3 5. ^hf* 
fcd^ifejftS 3 3 . «8^/P h*St»S 3 6 . atXSISt 
1*^^6 3 7 ^«j£3*VO^ (05tf>S8H6£ 
WSSSSTtfUT. «iKSSl!lJ8S6 3 7£*rt- 

s. ) . TE<i^fi^jB353 5(±. m&.m^wm®i& 

[0124] *;H*»aiS£|«S3 3tt. 3Kx -f X? 

^st*><of^h^t^£?^bif-«&6 2 1 
tajj-ts. ®a^bfi«»a53 6«. f-^sjai 

#4j£g?3 3*>^>aj*$iTJt^M^<i#fc^^^T 

tsfeZixK+frhmt. TEm^fflmm3 5izx~> 
xitmti*:TEmn(r>mi®mt<r)m&£Wi>h-%mz 
±*)2#mm.mt. ?m2%m.m^x. 
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h«5r«»ig*t txnta-t h. mmsmzae 3 1 
\m^f)v ymm^x^^f^m^m^m. 
m&mzmix\,^i)*sfrzm$iu wm-ngwrnn. 
m%mmix^t:ig&M*. mmtgkt. *>vi&t 
TEm^nwm<mm:mtmz#hm§h z+ivv 
ibt^4D£&3 3fcffi:frf6. wsm&mmsm 
imi-x^^^m^ui. mma&t. ®&i&%#mw. 
mx-mx-hz t ^ommt **)v vmm,^%m&3 

10 ^mwm^uh^tLxw^rh. 

[0125] z<?)£otz. %~f 4 x? \<nK*)mifiiz% 

\^r%x'hmm ■ ?mni-& <r b ti ■? . mmex. 
S3 3UjEUymmnm&m+)i>h&.b txs&t 

/PMf-tfHI8&2 lfcaMjU f-^M^-^Hl»6 2 1 

t: J: ^xm*v >X4 <mz i =* y b o-^-r & £ fc tc 

20 X *)%rr<X? 1 i:3Kb-A^)ffl««§liga[^h» 

w^f-tv v *-9tt;b'm-)v vwmmwLYth z b% 

yvzm^&mM£t$^xte*frh-*>ir£t$i?z>i- 
mm&x-t>~>K#. 3fct-y?T»/r3**A*LfcR» 

[0126] ULh, *HBB03Kt -< X?§SSIi. f-^h 

X^X^HSc0fil^iDVD-R5|g. DVD-RAM 
40 ^S. DVD-RWgfi. CD-R^S. CD-RWJg 

T-fX^iBSS^ia. SlfB4$ffl<0DVD-ROM 
m.. CD-ROMga^H4$fflMD^a^fc*<03tT 

[0127] 

50 X^Wg»ffli:5Kb-A<7)ffl»«#-Cj>S^h*^ 
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1z\i s J >y ?m&&>kt tch*)V haSrgaj LTSJS^ 
h&k-?&. 2ZIZjtr<X?<DK*)&&1®%£.±$\'> 

sat**, mmt ■ mmm m&t l*. znmis. 

gaSrHSTtSClfctf-e**. 

[@ i j ^wmmm\^a»h^tf * x?$m<m 
[02 i *mmmm 1 tz*mz>%T a x^mm.^ 

/H^-*lsll&2 l<Dftj££5^:/o«y?0-e&l>. 

[04 j *mmmim 1 ush-s^x * x?§ssa<os 

[05] *mfr$Z}m 1 fcfcttSJfcr -f x^JIBW^ 

[0 6 ] *wmmm 1 * x^ns^t 

[07] *?«3<oii*fe0! i tcm&ftx < x^na^s 
^v^T«/hzsffi-c2»s®stfc:is«L^ 2?xass^^-r 

[08 ] *HBSCT)^|fe^ 1 iZm&ftT A *?§£gfcfc 
y7"ftgO. 2SO»2. 7 5iStJ)-7fc^)TEf 

?2&muzm®. it: rmmmrv 7Xbt. 
[09 1 *%pmm&m 2 £m&%rr a xmmza 

v7fi8.0. 2&CO&3. 7 taTb o tz^COT E fE^r 

wmru -ybt. ^mmmizm^xm^zMmx 
2dmmzmiit:2d:mz7ittr7yT3>h. 
[0i o] *mmm3£i5V&%TAX?mmtz 
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T<yTfcg0. 2Jg<0#3. 7fg-C&o*:J©£tf>TEfI 

T2»mnzi&ULti 2wm*^ct? ! 7?Tbi. 

[011] *%m<?mmm5£tm&lltTA x^ga^) 
flH££flr$-7o>y?0-C*£. 

[012] ^^BBcoHSSMStcijJtS^Kx^x^ilSco 
?7H*&aja54 2 OOMSr^n^^itftS. 
[013] *f&^<^teW503fcx4X?SSa<9ft¥t* 

10 v?7y73<*>«#fc^SRF©tJB<a^£fc£*-t 

y=77Xbh. 

[01 4 ] *^Bconisw5tt>tts3tT^ x?mwiz 

tf&n-a LfcRFfi^sswro -y b t . -eotrawt 
»-^^-cfi/hraia-e2i>cPsat:i6iRL^2iJciiii«^ 

[015] *5ffiBW||iS0!5fc:t>ttS3tT^X^||Mfc: 
■ryT-ftSO. 2mco$)2. 7 5<gT*-»t*§£<DRF 

[016] *mwmm5iz.&nhitT i x?$m\z 
&\^xRFm^wm&m*b%hii&>8m->i>Ym#x 

TvTfil&O. 2g.<D&3. 7fg-C*ofeJ^cORFft 

T2<m&tzmiLtz2<mm*?r7yxt>z. 
[017] *mi<mfoM6tz&nz,*rf<x?mwco 

WS&*t7n y ?mxhh . 

[018] xmemtmenftTAXfmwnwY- 

30 «aja552O<O«jS^5rr^o-/^0T*S. 

[019] *isac7)iiifigi6<7>3tr u^m«?t 

[020] *^<OHiSM6KiJ»tS3tT^X^a^ 
Xx-yTftgO. 2gT^hfi££fc£tf£#£f|-ffl 

tfc>-*>y ^ihi«7d -y h b . *mmm£M^x 
msbz3mx2<m$itz%.mLt: ^mm^Lizy? 
?x-bh. 

[02 1 ] *^BH«OHttWI6(ciJttl.3tT < X7$m<r> 
40 v«y^tt*fg/jNi:riSK<DS)i^h»*«Xr'y7-«JS 
0. 2&C0&2. 7 5fg-C&->it%^c0thfflLfcv-y^ 

tEi«7D z<mm%izM'i^xm>hz3m 

T2<5OTfe:i!£<RL7t2<J:fl|g?:^Lfc^77-C&6. 

[02 2 1 *m<?m&m6iz&v&%rf < x^wn 
vv?mm^bts:hm)m&i-)v\-mffiXTv?fi& 

0. 2g<7)#3. 7<gT&o^^c7)tf«|L!ty y^S 

[02 3] *%BH<7)Hil0|7t:fe»tS3tT^X^^BO 
50 *t%V>'X4S:«»tS^hT^^iX-^iO«j£^ 



(25) 



47 

V-XWbe 2 1 (TMfS&^tfv f 9 Wbh . 

[02 6 1 *mi<rmm i o^tr ^ ^^sa^-^h 

[02 7 1 *m\wmm5<ry%Tix?m.<oi-)v\- 

[02 s i xmivmmecvitT < xtmas&Hvv 
mm 520 <mm^fy a-**- h -e&s . 

1 

2 XtyF/R-? 

3 3fc¥tr-y ?T-yT 

4 m»v>x 

6 :7*-#X-9--tf|B]ft 

7 7*- ^xr^f-j-x-^ 

8 V^y h 

10 b7-y^r^^^M|3>f;l, 

11 h^'f^ymfal-i' 

12 h5-y*^1^-#0B 



10 



20 



1 7 
19 
20. 

2 1. 
23 
24 
25 
27 
28 
29 
30 
31 
34 
33 
35 
36. 
37. 
7 

SB4 3 
539 
540 
623 
643 



1^2002-342963 
48 

4 2 0. 520 f-^hWiiS 
62 1 f-JPhlh-sfflaB 

#4 KWaR3 1 

436. 536 wm^hsmm 

137. 237. 337. 437. 537. 63 



8 RF<i^««BftS8a5 



[01] 



19 




21 



ff&0* 






















FH 










7^ 



(26) 



^2002-34296 



[02] 



[H13] 

RFflKMDoV] 



i 24 

hh%J 



[03] 




700 




^s^ 00 ^ 500 ■ 




^ 400 




300 ' 




200 




100 ' 





-00 HU 0 0.4 CLB 



[014] 



[mV] 



700 " 


*CL2*lfett 


i 

i 
i 

! 
i 


BOD* 
500 ' 
400 




i 


300 ' 




j 


200 ' 






100 - 





-3-2-101234 



[04] 



19 



TE©*= <a + d) - (b + c) 



FEfc^= (a + c> - (b + d) 



RFfi^=a + b + c+d 



(27) 



1^2002-342963 



[05] 



TE»» 

































/ 






35 


86 


37 


88 



20 




[08] 




-5-4-3-2-1 0 1 2 3 



(28) 



#^2002-342963 



[09] 




I • 1 i 1 1 1 1 L 



-6-4-3-1-10 1 2 3 



[Hio] 




-5 -4 -3 -S -1 0 1 2 9 















»v 




jmmsm... 

mV 




0 


945 


+1 


147 


-1 


800 




+* 


80 


-2 1 


§80 


+3 


80 


-3 


887 




102 




808 



(29) 



1^2002-342963 



[011] 




f-M- 
8WH» 



RP 



420 



[012] 



****** 




MHfcft 















P P^ V 



436 



T 7 " 



[025] 



623 



643 



T 7 

621 



(30) ^2002-342963 
[015] 



xomft 




-5-4-3-2 -1 0 1 2 9 




(32) 



■^Hifi 2 0 



[018] 











mm* 






mm 




*** 









7" 



540 



T 



637 



[B19] [H20] 



-03 





(33) 



1#§a2002-342963 



[022] 




-9-4-9-1-1 0 1 2 3 




(34) 



^112002-34 296 



[026] 



,2601 



✓2602 



✓2603 




; r ^260 6 



2607 



[027] 



,2701 



,2702 



I 



,2703 



2704 




YES 



2705 



v ^2706 



i 



,2707 



(35) 



^2002-342963 



[028] 



,2801 



✓2802 




2B06 



u ^2B0 7 



(72)&«#t £ffl BB F*-A(##) 5D118 AA13 BA01 CB03 CC12 CB03 



